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PREFACE. 


TnB following work aims at giving a popular and accurate 
view of the main principles of the science of Electricity, 
and at preparing the way for the technical or mathe- 
matical study of them. It is intended to embrace the 
same class of readers as the Chemistry of the course, 
namely, the senior pupils at school, and junior students at 
college. 

Tlie work is divided into six sections ; each section is 
divided into chapters ; and each chapter into paragraphs. 
This division is made with a view to convey a clear idea 
of the connection of tlie main branches of the science, and 
of the various phenomena included under each. The fluid 
theories of electricity, on which the more usual terms of 
the science are based, are explained at sufficient length. 
They are apt, however, to convey the idea that electricity 
is a principle distinct from matter, an impression not 
home out by experience. Throughout the work, elec- 
tricity is looked upon as a peculiar action which the 
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molecules of matter, under certain conditions, exert on each 
other. A method of explanation is adopted in keeping 
with Faraday’s theory of induction, and the manifest 
action of induction, in which it is assumed that electric 
action is one of contiguous molecules, and that nothing 
hut inolccular action travels in a (iurrent ; at the same 
time, each action is clearly described as it occurs, apart- 
from theoretical considerations. 

Care has been taken, as far as possible in an elementary 
work, to iiududc the more recent inventions and methods. 
The Britisli Association unit of resistance is adopted in 
the section on Galvanism, and a (diapb'P is afterwards 
devoted to tlio method of det(*,rinining it, and to the 
system of measurement of the curnuit elements in electro- 
magnetie. units. Tlie Freiieli and German equivalent 
words are given win re the .same terms are not used. These 
equivid 111*! freipunily describe a ])ieco of ap])aratus, or 
an electric action, iVora another ]Kunt of view than that 
froju which the English words are taken. !Moreovcr, 
many of tlnmi, eitlier in themselv(‘s or in their transla- 
tions, have found their way into tlie English language, 
and tlicy tlius save the ne(a*b.>ity of giving synonyms. 
A historical sketch i& given at the end of each section 
or chapter, in whieii the author and the date of every 
important discovery or invention aro carefully noted. 
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INTRODUCTION. 


All electric phenomena are studied under three heads— 
Statical Electricity, Current Electricity, and Magnetism. 
Statical Electricity investigates the properties of electri- 
city which is insulated, or which is only tending to 
discharge. It is usually got by friction, and hence statical 
(dectricity and frictional electricity are frequently used as 
synonymous. Frictional electricity as it is usually studied, 
however, not only treats of electricity in its statical 
condition, but of electricity passing in a single discharge 
or momentary current. In fact, a body is never charged 
except by means of discharge in some part of the line of 
action. Statical electricity always occurs in a dual form, 
namely, as positive and negative electricity, the charac- 
teristic property of which is attraction and repulsion. 
When positive and negative electricity neutralise each 
other through a conductor, the conductor shews no trace 
of either, but becomes possessed of entirely new properties, 
which are characteristic of electricity in discharge or in 
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motion. A continued discharge constitutes a current. 
Current Electricity, also called D3mamical Electricity, is 
chiefly obtained from chemical action (Galvanism), from 
mechanical action (Magneto-electricity), and from heat 
(Thermo-electricity). The projjerties of the current are 
manilested j)artly in its path, partly external to it. The 
current in its path possesses chemical, thermal, and 
physiological powers. External to its path, its action is 
closely allied with magnetism. When the path of the 
current lias the foim of a spiral, it possesses properties 
(dmost identical with tlpsc of the magnet. Tlie distin- 
guishing property of the cuiTcnt external to its patli, or of 
magnetism, is attraction and repulsion, but with con- 
ditions dilTering from those of positive and negative 
electricity. Magnetism thus appears to form a branch 
of current clectricitj'. The atdion of magnets on each 
other, however, which properly constitutes the science of 
magnetism, may bo studied quite apart from their apparent 
electric constitution. As the action of the earth on the 
magnetic needle must be understood before current 
strength can be measured, magm tism usually forms the 
first step in the science of electricity. 



EXPIAMTION OF AEBREmiTONS, &c., USED THROUGH- 
OUT THE WORK. 


4- stands for Positive. 

— f- n Negative. 

E n « Electricity. 

Fr ,> , Frenclu 

Ger 'f II German. 

C -I I. (Vntigrado Tliennomcter. 

F II a Fiilirenlieit’s n 

( ) refers to tlie article given within ; or means, a\ hen the 
nuniher is large, a date. 


FRENCH MEASURES REFERRED TO liEDIJCED TO 
ENdlJSlI. 


1 Metre . is eifiial to 39’.‘17 inches, about 40 inches. 

1 Millimetre •<);{0;>7 » » of an inch. 


1 CYuitimetre *.‘j9ii7 » » I c 

1 Cubic Centiun’tre... ’OGl cubic inclu's, about of a cubic iru'lu 
I Gramme lo'43 grains tio\^, „ ofanounectniy. 

A (legrc'c of tin* (\*ntierado thennomcter is of a degi’ce of 
Fahrenheit’s thennomeirr. Any particular temi>erature 
on the Ct*ntigrade scale is reduced to Fahrenheit’s by 
multiplying it by r and adding %ji'2 , 
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MAGNETISM. 

1. Magnetism is the power which certain bodies called 
magnets have to attract iron. Magnets are of two kinds, 
natural and artificial. Natural magnets consist of the ore 
of iron ciilled magnetic, familiarly Imown as loadstone, the 
chemical composition of which is given by the formula 
FcgO^. This ore, although capable of becoming magnetic, 
occurs only occasionally naturally magnetised. The loadstone 
appears to have been first discovered in Magnesia, in Asia 
Minor, hence the name magnet. Aitificial magnets are, for 
the most part, straight or bent bars of tempered steel, which 
have been magnetised by the action of other magnets, or 
of the galvanic current. No substance is indifferent to the 
magnet, though iron is most of all affected by it. 

2. PoUtrify of the Magnet.— The power of the magnet to 
attract iron is by no means ecpaal 
throughtnit its length. If a small 
iron ball be suspended by a thread, 
and a magnet (fig. 1) be passed along 
in front of it from one end to the 
other, it is powerfully attracted at 
the ends, but not at all in the middle, 
the magnetic force increasing with the 
distance from the middle of the bar. 

The ends of the magnet where the 
attractive |)ower is greatest are called 
its poles. The concentration of free 
magnetic force at the poles of a magnet may be also shewn by 
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dippijig it in ixon filingn, when a tuft of filings adheres to each 
extveinit]r of it, and the middle is left bare. By causing a 
magn^ needle moving horizontidly to vibrate in fi^mt of the 
different parts of a magnet placed vertically, and counting 
the number of vibrations, the rate of increase of the magnetic 
intensity may be exactly found, as will be afterwards diewn. 

Fig. 2 gives a graphic view of this increase. NS is the 
magnet ; the lines nN, aa, &c., represent dio magnetic inten- 
sities at the points N, a, &c., of the magnet ; and the curve of 




Fig. 2. 

magnetic intensity, naMa'n', is the line formed by the extrem- 
ities of all the upright lines. It will be seen from the figure 
that the force of both halves, taking M as the dividing-point, 
is disposed in exactly the same way, that for some distance on 
either side of the middle or neutral point there is an absence 
of force, and that its intensity increases with great rapidity 
towa^rds the ends. The centres of gravity of the areas MNn 
and MSn' are the poles of the magnet, which must therefore 
be situated near, but not at the extremities. 

The lines of magnetic force proceeding from the poles of a 
magnet may be shewn by puttii^ a piece of stiff drawing- 
paper over a strong magnetic bar, and strewing fine iron 
filings over it. Not only is the position of the magnet below 
shewn on the paper (fig. 3), but the particles of iron arrange 
themselves in lines which mark out the magnetic curves or 
lines of force. A magnetic curve is that described by the 
centre of gravity of a small needle, free to move any way when 
it is moved always in the direction pointed out by the needle 
from one pole of a magnet to the other. 





from the poles. Any station on the earth’s surface is also a 
uniform field. The moment of a magnet is the force lodged 
in one of its poles multiplied by the distance between them. 

If between the magnet and the ball in fig. 1 a sheet of paste- 
board, or any other material not containing iron, be interposed, 
the action of the former on the latter would^not be lessened. It 
is the peculiarity of magnetic action that it is transmitted through 
all substances not decidedly magnetic y ith equal facility. Most 
substances are thus, so to speak, magnetically transparent. 

3. A magnet has, then, two poles or centres of free magnetic 
force, each having an equal power ^ 

of attracting iron. This is the only 
property, however, which they pos- 
sess in common, for when the poles 
of one magnet are made to act on 
those of another, a striking dis- 
similarity is brought to light. To 
shew this, let ub suspend a magnet, ^ 

NS, fig. 4, by a stirrup of paper, m 

M, hanging from a cocoon thr^ (or jig, 4 , 

any fine thread without torsion). 

When the xnagnet is left to itself, it takes up a fixed position, 
one end keeping north, and the other south. The north pole 
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cannot be made to stand as a south pole, and vice vm6) 
for when the magnet is disturbed, both poles return to 
their original positions. Here, then, is a striking dissimi- 
larity in the poles, by means of which we are enabled to 
distinguish them as north pole and eouth pole. When thus 
Buependcd, let us now try the eflect of another magnet 
upon it, and we shall find that the pole of the suspended 
magnet that is attracted by one of the poles of the 
siicond magnet is repelled by the other, and vice vcrsd; and 
u-liere the one pole attracts, the other repels. If, now, the 
second magnet be hung like the first, it will be found that the 
pole which attracted the north pole of the first magnet is a 
south pole, and that the pole which repelled it is a north pole. 
We tlius learn, that each magnet hem tv'o poles, the one a north, 
and the otlmr a south pole, alike in tht irjnnrer of attracting soft 
iron, hut differing in their action on the poles of anoth r magnet, 
like poles repelling, and unlike poles attracting, each other. 

When a small magnetic bar, or needle, as it is called (fig. T)), 
is finely balanced by means of a 
small inverted agate cup on a fine 
needle of steel fixed to a stand, it 
may bo used as a magnetosoope to 
indicate whether a piece of iron or 
steel is magnetic or not. If both 
poles of the needli* are attracted 
indiffereiitly by any end of it, it is 
not magnetic ; but if one pole be 
attracted and the other repelled, the 
Fi,f. 6. piece of iron or steel under examina- 

tion is magnetic. 

4. It might be thought that, by dividing a magnet at its 
centre, the two poles could be insulated, the one half contain- 
ing all the north polar magnelisiu, and the other the south. 
AVhen this is done, however, both halves become separate 
magnets, with two poles in each— the original north and south 
poles standing in the same relation to the other two poles 
culled into existence by the sepiuation. We can therefore 
never have one kind of magnetism unthont having it cmsociaicd 
in the same magnet with the same amount of the opposite 
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marmetim^ It is this double manifestation of force wliicli 
constitutes the pohriiy of the ma^iet, and a bar of iron 
which is made to assume these poles is said to be polarised. 

5. The fact of the freely sus})ended magnet taking up u 
fixal position, has led to the theory, that the earth itself acts 
much in the same way as a huge magnet, with its nortfi and 
south magnetic ]>oles in the mdghltuurhood of the poles of 
the axis of rotation, and that the magnetic needle or sus- 
pended magnet turns to them as it does to those of a neigh- 
bouring magnet. All the nmuifestations of terrestrial mag- 
netism give decided confinuation of this theory. It is on 
til is view that the French call the north pole of the magnet 
the south pole ( aiLstral), and the south the north pole 
(p6le horeat) ; for if tlie earth be taken as the standard, its 
north magnetic ])ole must attract the south pole of other 
magnets, and vice versit In England and Germany, the 
north pole of a magnet is the one which, when freely 
suspended, points to the north, and no referenej^ is mode to 
its ndation to the magnetism of the earth. 

0. Form of Mnfjnets , — Artificial magnets are either bar mag- 
nets or horseshoe nicagnets. When powerful magnets are to he 
made, several thin hai's of steel are placed side by side with 
tludr poles lying in the same way. They end in a piece of iron, 
to which they are bound by a brass screw or frame. Three 
or f<jur of these may be put up into the bundle, and these 
again into bundles of three and four (fig. 0). Such a collection 



Fig. 6. 

of magnets is called a magnetic ma,g(vzine or battery. A magnet 
of this kind is more powerful tlian a solid one of the same 
weight and size, because thin bars can be more strongly 
and regularly magnetised than thick ones. Fig. 7 is a 
horseshoe-magnetic magazine. The central lamina protrudes 
slightly beyond the other, and it is to it that the arma- 
ture is attached, the w^hole action of the magnet being 
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concentrated on tLe projection. A natural magnet is shewn 
in fig. 8. It is a parallelepiped of magnetic iron ore, with 
pieces of soft iron, NN and SS, hound to its poles by a brass 
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frame encircling the whole. Tlie lower ends of the soft iron 
bars act as the poles, and support the armature, A. 

7. Magnetic Induction (IV. influence, Gter. Vertheilung ). — 
When a short bar of soft iron, ns (fig. 9), is suspended from 



Fig. 9. 


one end, S, of the magnet, NS, it becomes for the time power- 
fully magnetic. It assumes a north and south pole, like a 
regular magnet, as may be seen by using the small magnetic 
needle (fig. 5) ; and if its lower end, «, be dipped into iron 
filings, it attracts them as a magnet would do. When it is 
taken away from NS, the filings fall off, and all trace of 
magnetism disappears. It need not be in actual contact to 
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shew magncjtdc properties ; when it is simply bronght near, 
the same thing is seen, though to a less extent. If the 
inducing magnet be strong enough, the induced magnet, rw, 
when in contact, can induce a bar like itself, placed at its 
extremity, to become a magnet; and this second induced 
magnet may transmit the magnetism to a thhxl ; and so on, 
the action being, however, weaker each time. If a steel bar 
be used for this experiment, a singular difference is observed 
in its action ; it is only aftt‘r some time that it begins to 
exhibit magnetic properties, and, when exhibited, they are 
feebler than in the soft iron bar. When the steel bar is 
rc'moved, it does not part instantly with its magnetism, as the 
soft iron bar, but retains it permanently. Steel, therefore, 
has a force which, in the first instance, resists the assumption 
of magnetism ; and, when assumed, resists its withdrawal. 
This is called the coercitive force. The harder the temper of 
the steel, the more is the coercitive force developed in it. It 
is this force also, in the loadstone, which enables it to retain 
its magnetism. 

The polarised condition of iron under induction seems to 
indicate that a substance which is attracted by the magnet 
must itself be(x>me mjignetic. The attraction between a 
magnet and soft iron is thus essentially the same as that 
between two niiignets. Hence we may conclude that mar/- 
netic attraction and repulsion take place only between magnets 
temporary or permanent. 

8. Magnetic Armatures or Keepers (Fr. armures, Ger. Arma- 
tureUf Anker in the case of horseshoe magnets) are pieces of soft 
iron that are placed at the extremities of magnets to preseive 
t heir magnetic power. When magnets are allowed to remain 
any lengtli of time without such appendages, in consequence 
of the disturbing influence of terrestrial magnetism they lose 
considerably in strength ; but when they are provided with 
tliem, their magnetism is kept in a state of constant activity, 
and thereby from this disturbance. The reason of this is to 
be attributed to magnetic induction. Keferring to fig. 7, tiie 
north pole, N, of the horseshoe magnet, NHS, acting on the 
armature, induces it to become a magnet, having its south 
pule, s, next to N, and its north pole, w, at the opposite 
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extremity. TJie pole S, by virtue of its magnetic affinity, 
powerfully attracts tbe north pole, w, thus formed, and adds 
its own inducing influence to heighten the magnetic condition 
previously induced in the armature by the pole N. The 
armature, from the combined action of both poles of the 
horseshoe magnet, is thus converted into a powerful magnet, 
with its poles lying in an opposite direction to that of the 
primary poles. The original magnet is, in consequence, 
brought into contact with one of its own making, the exact 
counterj)art of itself, the action of which being much more 
potent than that of the earth, effectuiiUy shields it from 
terrestrial disturbance. The attachment of the armature to 
the magnet is greater when its contact witli the magnet is made 
by a roimded edge instcatl of a ]>lane surface. It is due tv> 
the same mutual attractions that, a much larger weight can 
be suspended from the annalure thus placc‘d, than what th(‘ 
single iK)les can together sustain. Bar imrgne^ts may be idined 
in the same way by laying ilnnu at Homc distance parallid 
to each other, with their unlikt* poles towards the same parts, 
and then connecting their extremities by two pieces of soft 
iron (tig, 12). When a magnet, such as a compass-needle, is 
free to take up the position reipiired by the magnetism of the 
earth, the earth itself plays the i»art of an armature. 

9. MagnetisatUm. — /hj Simflt; Toiirh (Fr. Rinipk touche ^ Gcr. 
einfacher Htrich). The sh^el bar to be magnetised is laid on 
a table, and the pole of a powerful magnet is rubbed a few 
times (ten to tw'ciity) ah tug its h*ngth, always in the .same 
direction. If the imignetising jxde be north, the end of llu* 
bar it first touches each time becomes also north, and the one 
whei*e it is lifted south. The stime thing may be done by 
jtuttiiig, say the noifh miigiietising iH)le first on the middle 
of the bar, then giving it a few' passes from the middle to the 
end, i*eturning alw u\ 8 in uii areli from the end to the middle. 
Al'ter doing the siime to the other half with the south pole, 
the magnetisation is complete. The first end rubbed become.s 
tlie south, and tlie other the north pole of the new magnet. — 
By Divided Touch (Fr. touche separee, Gcr. getrennter Strich^. 
This method is shewn in fig. 10. The bju*, ns, to be magnetised 
is placed ou a piece of wood, W, with its ends abutting on 
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the extremities of two powerful magnets, NS and SN. Two 
rubbing magnets are placed with theii* poles near, but not 
touching, on the middle of inclined at au angle rather less 
tluui 30° with it. They are then simultaneously moved away 
from each other to the ends of its, and brought back in an 



arch again to the middle. Aft.pr this is repenteil a few times, 
the bur iis is fully magnetised. The disposition of the poles 
is shewn in the figuie by the letters N or n, meaning a north, 
and S or s, a south jxde. This method communicates a very 
regular magnetism, and is employed for magnetic needles, or 
where, accuracy is needed. — The magnetisation by Double 
Tout'h (Fr. douhk Ger. dojfpel Strich), The anmige- 

meiit at the coinmcucvment of the double toucli is the same 
as that shewn in fig. 10, only a small piece of wood is placed 
betwocMi the two stroking magnets to prevent contact, and 
their angle wdtli the bar to be magnetised is less from 15° to 
20^. The two magnets are drawn along from the middle tii 
one end, and then back to the other, and so backwards and for- 
wanls from ten to twenty times, and lifted from the magnetised 
bar again at the mhhlle. Care must be taken that both ends 
have been stroked the same number of times, and that the 
lower poles of neither of the stroking magnets go beyond the 
ends of the bar. When this is done to both upper and lower 
surfaces, the bar is fully magneti'ied. This method is used 
h)r thick bars. It communicates a powerful, but sometimes 
irregular magnetism, giving rise, when the poles of the strok- 
ing magnets are not near each other, to consecutive poles (Ger. 
Folgcpuncte ) — that is, to more poles than two in the magn<‘t, 
a.s if say three magnets were placed in a line, the middle one 
iiig in the ojiposite way to the other two. 
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For horseshoe magnets, Hoffer’s method is generally 
followed. The inducing magnet (fig. 11) is placed vertically 
on the magnet to be formed, and moved from the ends to the 
bend, or in the opposite way, and brought round again, in an 
arch, to the starting-point. A soft iron armature is placed at 


h 



Fig. 11. Fig. 12. 


the poles of the induced magnet. That the operation may 
succeed well, it is necessary for both magnets to be of the 
same width. The same method may also be followed for 
magnetising bars. The bars (fig. 12) NS and N'S', with the 
armatures cib and cd, are placed so as to form a rectangle ; 
and the horseshoe magnet is made to glide along lx)th in the 
way just described. 

By the Galvanic Current — Tliis is done by placing the 
bar to be magnetised inside a flat coil of insulated wire, 
through which a galvanic current is circulating, and 
moving it backwards and forwards as in double touch. 
The circuit is closed when at the beginning of the operation 
the middle of the bar is at the coil, and opened when the bar 
stands again at the middle at the end of it. The magnetism 
induced in this way is much weaker than that got w’hen the 
same strengtli of current is employed through the intervention 
of an electro magnet Thick bars or horseshoes of the 
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hardest temper can be easily magnetised with a strong electro- 
magnet by rubbing each half of the bar or horseshoes on a 
different pole, beginning at the middle, after the method of 
single touch. Electro-magnets far transcend permanent 
magnets in power. 

Miignetisation by the Earth . — The inductive action of 
terrestrial magnetism is a striking proof of the truth of the 
theory already referred to, that the earth itself is a magnet. 
When a steel rod is held in a position parallel to the dipping- 
needle, it becomes, in the course of time, permanently mag- 
netic. This result is reached sooner when the bar is rubbed 
with a piece of soft iron. A bar of soft iron held in the same 
position is more j>owerfully but only temporarily affected, 
and when reversed, the poles are not reversed with the bar, 
but remain as before. If when so held it receive at its end a 
few sharp blows of a hammer, the magnetism is rendered per- 
manent, and now the poles are reversed when the bar is 
reversed. The torsion caused by the blows of the hammer 
appears to communicate to the bar a coercitive force. We 
may understand from tliis how the tools in workshops are 
generally magnetic. Whenever large masses of iron are 
stationary for any length of time, they are sure to give 
evidence of magnetisiition, and it is to the inductive action of 
the earth’s poles acting through ages that the magnetism of 
the loadstone is to he attributed. 

10. Saturation Point. — Magnets, when freshly magnetised, 
have sometimes more magnetism than they can retain per- 
manently. In that case, they gradually fall off in strength, 
till they reach a point at w^hich their strength remains con- 
stant. This is called the point of saturation. If a magnet has 
not been raised to this point, it will lose nothing alter mag- 
netisation. We may ascertain whether a magnet is at satura- 
tion by magnetising it with a more powerful magnet, and 
seeing whether it retains more magnetism than before. The 
siituration point depends on the coercitive force, or temper, of 
the magnet, and not on the power of the magnet with which 
it is rubbed. When a magnet is above saturation, it is soon 
reduced to it by rej)eatedly drawing away the armature from 
it. After reaching this point, magnets will keep the same 
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strengtli for years together if not subjected to rough 
usage. 

11. Power of MagrieU.—ThQ power of a horseshoe magnet 

is usually tested by the weight its armature can bear without 
breaking away from tlie magnet. Hacker gives the following 
formula for this weight : IV = ; JV is the charge 

expressed in pounds ; a, a constant to be ascertained for a 
particular quality of steel ; and m is the weight in pounds of 
the magnet. He found, in the magnets that he constructed, 
a to be 12'6. According to this value, a magnet weighing 2 oz. 
sustains a weight of 3 lbs. 2 oz., or twenty-five times its own 
weight ; whereas a magnet of 100 lbs. sustains only 271 lbs., 
or rather less than three times it.s own weight. Small magnets, 
therefore, are stronger for their size than large ones. The 
ivason of this may be tlins ex]>lained : Two magnets of the 
some size and power, acting separately, su]>poi't twice the 
weight that one of them does ; but if the two be joined, so as 
to form one magnet, they do not sustain the double, for the 
two magnets being in close proximity, act inductively on 
each other, and so lessen the conjoint })ower. Similarly, 
several magnets made, up into a battery have not a force pro- 
portionate to their number. Large magnets in the same way 
may he considered as made up of 8e\’eral lamiu®, interfering 
mutually with each other, and rendering tlie action of the 
whole very much less than the sum of tlie powers of each. 
The best method of ascertaining the strength of bar-magnets 
is to cause a magnetic m*edle to oscillate at a given distance 
from one of their poles, tlie axis of the needle and the pole 
of the magnet being in the magnetic meridian. These oscil- 
lations observe the law of pendulum motion, so that the force 
tending to bring the needle to rest is proportionate to the 
square of the number of oscillations in a stated time. 

12. Action of MaAjnets on each other. — Coulomb discovered, 
by the oscillation of the magnetic needle in the presence of 
magnets in tlie way just described, that wheti magnets are so 
jilaced that two adjoining poles may act on each other tnthout 
the interference of the opposite poles, fhat is, when the magnets 
are large compared ’auth the distance between their centres, 
their attrtset ive or repulsive force varies inversely as the square of 
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the distance. The manner in which he proved this will he 
best understood by taking a case. The suspended needle 
m (fig. 13), when disturbed from its position of rest, makes 
ten oscillations n minute under the force of the earth’s mag- 
netism. When the pole S of the magnet 
NS, which is so long that the pole N 
is beyond the sphere of action, is placed 
at a distfince of two ioches from ti, the 
number of oscillations in the minute is 
36. When at ft)ur inches, 20. In the 
last two cases the oscillations are made 
under the combined force of the mag- 
netism of the earth and of the magnet. 
This combined efle.ct at two inches 
standa to the ten*estri^ magnetism as 
f.k. 13 . 362 is to 102, .jnd foiiP inches as 20^ to 

102. Now, the difieience between 3(>2 
and 102, divided by the difference between 20® and lO^, gives 
the relative powers of the magnet on the needle at two 
and at four inches. But 36^ — lO^, or 1196, is very nearly 
four times 20^ — 10'-’, or 300, so that the magnet is only 
one-fourlh us powerful at four inches as it is at two. The 
attractive powers are thus as to 22-~i. e., inversely as the 
8(|uare8 of the distances. If the poles had been like, the 
same w«)uld hold of the repulsive j)ower. The law of the 
action of ma^jnets on soft iron by indaction was ascertained by 
Sir William Snow Harris in 1827. It is as follbws : The 
mofinetu’ elevdopment in th^ soft iron is directly proportional 
to the po^ccr of the inductive force, and inversely as the distance. 

In tlie measurement of magnetic f(»rces, repulsion is mea- 
pured when j)racticab]e in preference to attraction ; beciiuso 
attraction may be wholly or pailially due to induction, 
whereas, repulsion can only arise from the oiiginal forces in 
each. 

13. Effect of Heat on Magnetism. — A magnet loses in power 
as it rises in temperature, and as it cools again it acquires 
again a portion of its lost strength. When it is raised to the 
saiue temperature several times, or when it is kept a sufficient 
leijglh of time at it, it reaches a condition in which it suffers 
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no further permanent loss hy heing again, heated up to the 
same temperature. The more strongly the bar ie magnetised, 
the less is it affected by temperature. The change of inten- 
sity produced by ordinary temperatures is little, if anything. 
At a white heat, a magnet loses permanently all trace of 
magnetism. When, however, it is again tempered and mag- 
netised, it resumes its magnetic properties. Barlow found 
that soft iron steel and cast iron, when temporarily magnetic 
— that is, when under induction — hare a greater magnetic 
capacity as their temperature rises until they reached a blood- 
red beat Beyond this, they become less susceptible to the 
influence of the magnet, and at a •white heat they are quite 
indifferent to it The temperatures at whicli other substances 
affected by the magnet become indifferent to it, is different 
from that of iron. Cobalt is attracted by the magnet at the 
highest temperatures, and nickel loses this property at 662® F. 

14. Theories of Mcujnetism . — ^The best known theory of 
magnetism is that of tlio two fluids. It is thouglit that the 
power of the magnet arises from two magnetic fluids existing 
in it. These fluids are considered to be attractive of the 
matter of the magnet and of each other, but repulsive ot 
themselves. By magnetisation, the fluids which, when they 
exist together, exhibit no magnetic properties are made to 
separat*^. At first, it was thought that in a magnet each fluid 
became insulated on its own half of the magnet, hut this 
liypothesis was found to be untenable from the fact that 
when a iiftignet was broken in the middle, each fragment htul 
both kinds of magnetism, like the original magnet. To meet 
this inconsistency, it was next supposed that each particle of 
the magnet was itself a magnet like the whole, and that break 
it where you may, you have in the pieces the same consti- 
tution as in the whole. Magnetisation was considered only 
to separate the fluids in each particle. A more recent theory 
suggests, that all substances capable of becoming magnetic 
consist of particles, each of which is a permanent magnet ; 
that these infinitesimal magnets have their poles turned in 
all diffeient directions, so as to neutralise each other when 
the whole is not magnetic ; that magnetisation has the effect 
of bringing the poles of these particles round so as to lie in 
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the same diTection *, that this comcidence of poles in the case 
of soft iton takes place only when the iron is under induction ; 
that in the case of steel it takes place permanently ; and that 
the degree of magnetisation is due to the completeness of the 
coincidence. This last way of conceiving of the composition 
of a magnet is both simple and satisfactory. The fluid theory 
of magnetism simply describes its phenomena under the 
figure of two ^iUida, Ampere^a theory of the electric consti- 
tution of a magnet, which shall be afterwiirds described, 
introduces an entirely novel view of it 


Terrestrial Magnetism. 

If). 27ie Directive Action of Terrestrial Magnetism , — The 
action of the magnet is so allied with the magnetism of the 
eartli, that we cannot study the one apart from the other. The 
action of the earth on a magnet is simply directive ; that is, it 
determines the position of the magnet role^vely to the cardinal 
]>oint8 of the horizon, but effects no strain or tendency to trans- 
lation on the point on which the magnet is balanced. This is 
usually shewn by making the centre of a magnetic needle rest 
on a piece of cork flouting on water. The needle when so 
sustained comes round to a north and south position, but the 
float remains at the same point on the surface of the liquid. 
Tlie reason of this may be given thus : the magnetic poles of 
the earth are so far distant from the magnet, that, practically, 
the north and south poles of the magnet are at equal distances 
from them. Accoixiingly, whatever attraction, say the north 
pole of the earth has to the north pole of the magnet, it 
exerts an equal repulsion on the south pole of the magiud. 
Tlie two effects counteract each other. The same holds for the 
action of the south terrestrial pole. The combined effect of 
the two terrestrial poles, in attracting or repelling the magnet 
as a whole, is thus null, and is limited to fixing the direction 
of the needle when at rest 
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We are so acctistomed to see the directive power of the 
earth’s xoagnetism exhibited in the compass, that we are 
inclined to think that it is only exerted on a needle moving 
in a horizontal plane. Such, however, is not the case. 
When a needle is so supported that it can move freely 
in a vertical plane, it does not remain horizontal, but 
inclines towards the ground. It is impossible so to support u 
magnetic needle that it is at the same time free to move in a 
horizontal and in a vertical plane. The power of the earth in 
determining the position of the needle in a veilical and in a 
horizontal plane, must be exhibited by two separate needles. 
If it were possible to hang a needle in the air, so as to leave it 
perfectly free to take up any position, it would shew us fully 
the directive action of the earth. Such a needle would not 
only point north and south, but when so pointing would, at 
most places bn the earth’s surface, make a certain angle with 
the horizon. The position taken up by such a needle would 
shew the direction in which the earth’s nu^^ielism ac^ts, and if 
we knew, in addition to this position, the force that kept it in 
that position, we should know the direction and amount of the 
earth’s magnetic force for the place of observation. In con- 
sequence of our inability*to suspend a needle so as to give it a 
perfectly free tmiversal motion, the direction must be ascertained 
by two separate observations, viz., the. position of rest of a needle 
moving in a horizontal plane, and that of one moving in a 
vcrtiiOl^ plane. The former of theses is termed the deslina- 
the latter the inclination of the needle. .A com- 
knowledge of Hho wrth's magndum at any place therefore 
implies that three things are knomi — decimation^ inclination^ 
and intensity. These arc termed the magnetic elements (Gier. 
Comtantem) of the place. 

16. Definition of the Magnetic Elements. — Declination . — 
When a magnetic needle is suspended or made to rest 
on a point so as to be free to move in a horizontal plane, 
it finds its position of rest in a line jobiing two fixed points 
on the horizon ; and when made to leave that position, 
after several oscillations, it returns to it again. At certain 
plac.es on the earth’s surface, these two points are the north 
and south points of the horizon ; but generally, though neoTi 
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tliey do Hot coincide with these. A vertical plane passing 
through the points on the horizon indicated 
by the needle, is called the magnetic meridian^ 
in the same way that a similar plane, passing 
through the north and south points, is known 
as the aatronomic^d meridian of the place. 
The angle between the magnetic and astro- 
nomical meridians is teruied the declination or 
variation of the needle. Thus, if NS (fig. 14) 
be the line of th(‘ tisironomical meridian, and 
ns the line joining the poles of the needle, the 
angle NCa is the declination. The declina- 
tion is cast or west, accoiding as the magnetic nortli lies east or 



Fig. 14. 


west of the true north. 

Dip or Inclination . — If a magnetic needle be supported so 
as to be free to move vertically, it does not at most places on 
the (*arth’s surface rest in a hori- 
Z(»iital po.«ition, but inclines more 
or h*.s.s from it. If the vertical 
plane in whicli the needle moves 
is the inagiietic meridian of the 
place, the angle between the needle 
and the horizontal line is called 
the (lit) * .• inclination of the 
needle. Thus, if the needle 
(fig. 15), NS, be supported at its 
centre, C, so as to bo free to move 
wrlically, the ])lane of the paper 
being suppt»s(!d to be that of the magiieti® meridian, the 
angle NCa is the dip. 

Intcimtij . — The amount of force which brings a magnetic 
needle, of unit size an<l .strength, capable of universal motion 
round its centre of gravity, when driven from the position in 
which it rests uiider the influence of terrestrial magnetism, 
back to that position again, constitutes magnetic inten-sity. 
The needle may be looked upon as a magnetic pendulum, M'ith 
magnetism, instead of gra^dty, as the force acting on it. 

17. Resolution of Total Magnetic Force . — Let NS (fig. 16) be 
a needle adjusted on the point jo, so as to move in a hoiizoiital 
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Fig. 15. 
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plane. It is represented as lying in the magnetic meridian. 
It is supposed to be in a northern latitude, so that the north 
pole of the magnet is attracted, and the south pole repelled, by 
an equal force. The total magnetic force of the earth, repre- 
sented by the lines NO and Sc, in magnitude and direction, 
tends, when acting on N, to draw it down, when on S, to send 
it up, with an equal force. The two equal and opposite 



paraileL&BslK^C and Sr, fonu with the needle a couple 
tenduijpiniMt]we it rotate in the diredion of the hands of a 
watch, lidJIteep tlie needle in a horizontal position, the soutli 
end of it is made slightly heavier than the north end. 
The total forces, NC and Sc, may he r(‘solved each into 
two others acting ■ tertically and horizontally ; that is, 
])erpendicular to, and in the jdane of, the needle’s motion. 
The construction is exactly alike, st» lar as magnitude is 
concerned, at N and S, but it is opposite in .direction. The 
vertical resolved pails of the earth’s magnetism, which are 
alone concerned in determining the position of a needle 
moving in a vertical plane, are NB and Sh These being 
counteracted by gravity, have no effect on the needle. NA 
and Sa are the horizontal resolved parts, and they alone 
are concerned in the motion of a needle free to move in a 
horizontal plane. NA and Sa, being equal and oppositay 
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counteract each other. Suppose, now, tlie needle moved from 
its position of rest to tliat sheum by the dotted needle, N"S". 
Tlie earth's magnetism must act on N' and S' as it did on N 
mid S, and consequently a similar resolution may be made. 
This resolution takes place in planes parallel to the former, 
and perpendicular to the circle or plane in wliich the needle 
moves. The vertical resolved parts, N'Ji' and S'6', are counter- 
acteti as before by the su}>portin;^ point, but the horizontal 
resolve<l ])arts, N'A' and S'u', form a couplt, bringing the 
needle back to its first position. They act, however, obliquely 
(»n the needle, and to asceitaiii their effective force we must 
ai^iiiii resolve them as dune in fig. 17. The resolution takes 
place ill this ease in the plane of the needle. The parts N'F 



and Sy, being equal and o]»posite, counteract each other, and 
the two elfective j>arts, N'E and S'e, alone make needle 
I'otate. Let NC = T, the total intensity ; NB = I, the vertical 
intensity ; N A = H, the horizontal intensity ; angle ANC = % 
the angle of dip ; then 1 = T sin. ?, H = T cos. I = H tan. t. 

IS. Instruments for Asceutainino Magnetic Elements. 
— Lhclnumeter . — Iiistruiiieiits for determining magnetic de- 
clination are called declination needles or declinometers. In 
these instruments there are t#b things essential — the means 
ol ascertaining the astronomical meridian, and a needle for 
shewing the magnetic meridian. Fig. 18 represents a common 
form of the declinometer. Upon a tripod provided with 
levelling screws stands the pillar P, to which is fixed the 



20 


ELECTBICITT. 


gradtuited azimuthal circle CC. The compass-box B, with the 
vernier V, attached to it, moves on the azimuthal circle by 

means of a pivot at the 
pillar P. Two uprights, 
U, U, are fixed to the 
side of the compass-box, 
on the tops of which 
rests the axis of the 
telescope, T. A gradu- 

the bottom of one of the 
upiights, and the angle 
of elevation of the tele- 
scoi>e is marked by the 
vernier on tlie arm E, 
attached to the axis of 
the telescope. A level, 
L, is also hung on the 
axis of the telescope, for 
adjusting the instrument. 
Inside the compass-box 
is another graduated circle, F, the line joining the zero- 
I)oints of which is parallel to the axis of the telescope. 
All the fil.tiugs are in brass or copper, iron, of coui’sc, 
being unsuitable. It will be eiisily s{‘en that the coni 2 )ass- 
hox and telescope move round as one piece on an axis 
passing throngh the centre of the azimuthal circle. 1711611 
an observation is made, the telescope is pointed to a star 
whose position with regard to the astronomical meridian 
is known at the time of observation. Tlie telescope with 
the compass-box is then brought the proj^er number of 
degrees on the azimuthal circle, until its axis is in the 
meridian of the place. If, when the telescojje is in this 
position, the north end of the needle stand at the zero-point 
of the inner circle, the declination would be 0° ; but if it lie 
east or west of this point, the declination is shewn by the 
degree at which the needle stands. It is difficult to construct 
a needle so that the line joining its poles exactly coincides 
with the line joining its visible extremities. If this 



Fig. 18. 
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coincidence be not perfect, the geometrical axis of the needle 
according to which the reading is 
made lies to the right or left of the 
ijiagnetic axis, and consequently of 
the true reading. To remedy this, 
the needle is made that it can rest 
either on its lower or upper surface. 

In fmding the true reading, the posi- 
tion of the needle is marked, and 
then it is turned upside down, and 
again marke<l, the mean of the tw^o 
readings giving the true one. This 
is easily se(*n in fig. If), Tlic deelijiation of the needle maybe 
al>o ascertaiiK'd by the dipping needle. 

Oausn's Matjuftomeicr . — A dec1inuiu<qer like the one just 
described, can only give the deeliuation approximately. To 
be quite exact, the needle wouhl require to be very long, so as 
to all(jw the divisions of ihe circle on which it moves to shew 
y small angh*s. This, however, W'ould be attended with the 
objection that a very long needle moves with considerable 
friction on its axis, so that wdiat Ave should gain in the number 
of divisions on tin; ciicle Ave should lose in the sensibility of 
tlio needle. Gauss’s magnetometer obviates this objection. 
Fig. '20 gives a general idea of the action of the instrument. 



NS is a magnetic bar, sus|»ended by a wire or a fcAv untwisted 
filaments of cocoon silk sutticient to sustain its weight, which is 
a few pounds. It is enclosed in a glass case, not shcAvn in the 
figure, to shield it fioin currents of air. On the rod at the 
centre of the bar by AA'hich it is suspended a small mirror, M, 
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is fixed, the plane of which is at right angles to the line joining 
the poles of the bar. A few yards from the bar, a theodolite, 
T, and a scale, S, about a yard long, are placed, the one a little 
above, the other below the mirror, so that the divisions of the 
scale may be seen reflected at the croRs-wires of the theodolite. 
A small plummet hangs down from the object-glass of the 
theodolite, the thread of which stands in front of the zero or 
middle point of the scale. When the thread of the plummet 
is seen reflected, the axis of the theodolite is accurately in the 
magnetic meridian. When a magnetic bar is hung in this 
way it never stands still, but is constantly making small 
oscillations, shewing that the magnetic meridian is ever 
moving to and fro, and is no fixed plane like the astronomical 
meridian. It is not so much, then, when the reflection of the 
thread is seen at the cross- wires as when the needle oscillates 
to equal distances (m each side of it, that the axis of the 
theodolite is in the mean magnetic meridian. This being 
ascertained, the theodolite has only to be turned to some 
object known to be in the astronomical meridian, and the 
diflerence of the readings gives the declination. The scale is 
placed at right angles to the magnetic meridian. We shall 
afterwards find that th(' needle mak<\s various siiiall deviations 
from its mean position in the course of the day. These the 
magnetometer, from its extreme delicacy, is 'well fitted to 
record. Suppose, for instance, that tlie needle appeal's to 
oscillate, not round tlie zero i>oint, but round a point P, say 
an inch from it. Now, as we know the distance of the scale 
from the mirror, say it be in this case 15 feet, we can 
easily tell what the angle PMO is — viz., 19' 6" (tan. 


PMO = 


PO 

HO 


1 

180 


^ from the trig(inometrical tables; or by 


taking 1 inch as the arc of a circle whose nulius is 15 feet, 
and whose circumference of 3(>(P is 3'14I6 times 30 feet, it 
can be shewn by an easy geometrical construction that the 
apparent angle is twice the angle that the mirror or the 
magnet descriltes, so tliat the real deflection of the needle in 
this cose is 9'ite". The observation is here taken as correctly 
as if a needle 30 feet in length had moved through an angle 
9' 32", or described an arc of half an inch on a 30-foot circle. 
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Expert observers can read an angle of 2" by the magnetometer. 
It can also be easily understo^ how, if a lamp be placed 
wliere the theodolite is, and be made to transmit a ray of 
light to the mirror, that this ray would be reflected on the 
scale, and that if instead of the scale a piece of sensitised 
photographic paper were placed, and moved upwards or down- 
wards at a given rate, the needle would permanently record 
its own motioTis. A self-recording system on this principle, 
invented by 3ilr Brooke, is adopted in almost all observatories. 

The Mariiur^s Conipasa (Ft. hovssoh^ Ger. Bussole) is also a 
declinometer, for it must be always used with reference to the 
true north of the regi(»ii where it acts. It consists of a needle 
nicely poised on a point, 
with a cross - bar of 
<*opper or brass at its 
middle. The needle and 
bar support a car<l 
above, which is marked 
with 32 points, each 
containing 11° 1.5'. 

Those are shewn in the 
annexed figure (fig. 21). 

The north and south 
points of this card lie 

directly over the needle, ^ 'ih "*0^ 

so that the card, and ^ 

not the needle, indicates 2 i 

these cnrdimd points to 

ilie observer. The w’holc is enclosed in a brass or copper bf»wl. 
d his is placed within a ring, which moves by two pivots in 
another ring, itsell supjiorted by two pivots at right angles to 
the other tw’o. These two rings are called the gimbals. The 
compass-box and card tlius su[<j)orted remain always horizontal, 
whatever be the motion of the vessel in W’'hich it is placed. 
Inside the compass-box a vertical black line is marked, called 
the lubber-line, which is in the axis of the ship or in the line 
of the ship's motion. The point of the card that lies at the 
lubljcr-line shew’s how the ship is going. 

The great diiliculty connected with the use of the mariner a 
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compass arises from the disturbing influence of the magnetism 
of the ship. This difliculty is particularly felt in iron vessels, 
where the deviation of the needle is frequently so consider- 
able as to render the coia2)ass almost useless. Various means 
of obviating this have been suggested ; one of these is to place 
bars of soft iron or magnets in the immediate neighbourhood 
of the binnacle, which being so jdaced as to cause a contrary 
disturbance to that of the iron of the ship, leave the needle 
comparatively free. This is found to answer well in iron 
ships plying between Biitisli aud continental or North Ame- 
rican ports ; but wlu're, as in the Australian passage, they 
change consideraldy their latitude, such an arrangement is 
found to be woi^e than useless, jw the magnetism of the 
vessel changing with tin; latitude, causes an ever-varying 
deviation of the needle. It has like, wise been suggested to 
jdace a compass as a standard at the mast-head, where it 
would be comparativ'ely free Irom the attraction of tlie vessel, 
hy which the ship’s course miglit be shaj»ed, the ordinary 
compitss being used merc'.ly to give immediate direction to the 
steersman. In the royal navy this error is to a large extent 
obviated in the following way. A compass is placed so high 
ji\)ove the di*ck as t»> clear the bulwarks, and allow the 
bearings of a distaiit ob.ject on shore or a heavenly body to 
be tak('n while the ship’s head makes a complete circuit. In 
this “Way, the deviation cause.d by the iron of the ship in all 
diflerent ]»osilious iiias" be ascertained, and afteiwvards taken 
into account. 

Dipinmj Atrdlc. — ^Tln* dip of the magnetic needle at any 
})lace can be ascertained with gi'eat exactness by means of 
the dipping needle, tig. :22. It consists of a graduated circle, 
AA, lixed vertically in the frame FF, and moving with it 
and the vernier V, on the horizontal graduated circle IIH. 
This last is sujqwrtiMl by a tripod furnished with levelling 
screws. At the centre of the circle G, there ai*e two knife- 
edges of agate, suppoited by the frame, aud parallel to the 
plane of the circle. The needle, NS, rests on these knife- 
edges by means of two tine polished cylinders of steel, which 
are idaced accurately at the centre of the needle, and project 
at rigid mxgles from it : so adjusted, the needle moves with 
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little or no friction. It is so made, moreover, that before 
being magnetised it remains indifferently in any position ; 
after magnetisation, therefore, the dip which it shews is 
wholly due to the mag* 
iietic influence of the 
eartlL It will be seen 
from fig. If), that when a 
needle is capable of ver- 
tical motion, the earth’s 
magnetism will swing the 
needle round until it is 
as nearly as possible in 
a line with ii. AVhon the 
needle is in the magnetic 
meridian, this can be 
done fully, for tlu‘ needle 
can be made to coincide 
with it in directi<jn. The 
couple CNSc is in that 
case, a straight line. 

"When the needle moves 
in a plane at light angles 
to the meridian, then the 
vertical coinpoiienl alone aft’ects its j)Osition, and places it 
vertical in a line with itself. In this case BNS?/ is a 
straight line. Beiween these two pijsitions the needle shifts 
from the vertical position to that of the. direction of the dip, 
and is always more inclined to the horizon than in the 
meridian. We have thus two ways of finding the meridian. 
When the needle stands uju'ight at 9(r, it is at right tuigles 
to the meridian ; and ))v moving the vernier over 90°, we 
can place it in the meridian. Again, that plane in which 
the inclination of the needle is least is the plane of the, 
meridian. The degiee pointed to on the circle when in the 
magnetic meridian is the angle of dip. llie dip may also 
be got with even more accuracy by observing the effect jiro- 
<luced hy bars of soft iron placed vertically in the neighbour* 
liood of a declination needle <m the needle ; but the process 
is somewhat detailed, and beyond the scoi>e of this book. 
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Intensity Needles , — The total intensity of the earth’s mag- 
netism is got by first ascertaining experimentally its horizon- 
tal intensity. ,®be total intensity is got by dividing the 
horizontal intenwty by the cosine of. the angle of dip 
(17). The horizontal intensity is measured by the number 
(if oscillations that a needle makes when disturbed in a given 
time. Thus, if at one point on the earth’s surface the same 
needle makes twenty oscillations per minute, and at another 
twenty-one, the relative horizontal intensities at the two 
places would be as 20^ to 21^, as 400 to 441. If the horizon- 
tal intensity of any point on the earth’s surface be taken 
as unity, other mtensities may be expressed in terms of 
it. The method of ascertaining intensity just described is 
open to objection, as it is dilticult to know whether the 
magnetic condition of the needle remains unaltered during 
the course of the observations at different stations. Gauss 
avoided this error by reducing the intensity to an abso- 
lute, not a relative standard. This lie did by taking into 
account not only the oscillations of the needle under obser- 
vation, but also its deflecting jiow’er on another needle at a 
stated distance. The data thus obtained gave him sufficient 
to divest the magnet of its peculiarity, and ciiiabled him to 
express the intensity in absolute units. Thus, the horizontal 
intensity of London (Jimnaiy^ 18C5) is 1704 metrical units, 
which signifies that a south pole weighing one gramme, and 
of an ideal, but definite unit magnetic force, would, supjiosing 
it were insulated and free to move in a horizontal plane, 
ac^quire a velocity southward of 1704 metres per second. 
In British units expressed in feet with the mass of a grain 
instead of a gramme, the same is 3*820. 

GoAJLsie Bijilar Magnetometer is used for indicating local 
changes of ten’estrial magnetism. It consists essentially of 
a magnetic bar hung by tw-o threads, as roughly shewn in 
fig. 23. So long as the plane of the bar imd of the tw^o threads 
coincide with the magnetic meridian, there is no strain on 
tlie threads ; but if the points of susj^ension be turned round, 
then the bar vdU take up an intermediate position determined 
by the intensity of the earth’s magnetism striving to put the 
bar in the meridian, and by the spiral torsion of the threads 
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striving to bring the bar into a line with the points of 
suspension. The instrument is capable of eiHy amount of 
delicacy, according as the threads 
are lengthened or brought near 
each other. For observation, the 
threads are so twisted as to put 
the bar perpendicular to the 
magnetic meridian. In this posi- 
tion, the small changes of de- 
olination that take place in the 
course of the day may be ^ Pip 23 

neglected. The force necessary 

to twist the bar through any angle is got by experiment, and 
is used in interpreting the indications of the instrument. A 
mirror is attached to the bar, and observations taken as with 
the magnetometer. 

19. Magnetic Charts , — The magnetic elements have been 
ascertained with great care at different portions of the 
earth’s surface. The knowledge thus obtained has been 
embodied in magnetic charts, in which the points at which 
the declination is the same are joined by lines, and simi- 
larly those wliere the dip and intensity are alike. The 
lines of equal declination are called iso- onic lines; those of 
equal dip, isoclinic ; and tljose of ecpial intensity, i 80 <Iynamic 
lines. As the magiictisru of the earth is subject to a slow 
secular variation, siuh charts are only true for the time of 
observation. Tl\e chart, fig. 24, was drawn up by Colonel 
Sabine for the year 1840, and gives an approximate view of 
the lines of equal declination for that year. The change since 
1840 has been small, so that an isogonic chart for the pre- 
sent time 'Would differ but slightly from it. The chart 
sufficiently explains itself. Attention may, however, be given 
to one or two points. The declination is .marked on each 
line. Thus the line passing through England, for instance, is 
marked 25®, and that passing north-west of the British Islands 
30®. At places under those lines, the needle points to a noilh 
25® and 30® west of the true north. On the ejmee intervening 
between these lines, including Scotland and Ireland, a correc- 
tion, varying from 0® to 5®, must be made according as the 
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Fig 24. 
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station lies more towards the one line than the other. The 
westerly line of no declination passing northward cuts off the 
eastern comer of South America, proceeds to North America, 
which it enters at North Carolina, traverses the continent by 
Lakes Erie and Huron .and the west of Hudson’s Bay, and 
ends in the north of the continent at Boothia, The easterly 
line of no declination passing southward enters Europe in the 
north of Russia, crosses the White Sea, the east of Russia, of 
the Caspian Sea, of Persia, and the Arabiim Sea. Then turns 
eastward, and cutting off the west of Australia, passes south- 
ward. The space included between tliose two lines, and which 
in the chart is left untinted, constitutes, so to speak, the hemi- 
sphere of westerly declination. It includes the east of the 
two Americas, the Atlantic Ocean, the whole of Europe and 
Africa, .and tlic west of Asia and Australia. The rest of the 
earth, wliich in the chart is tinted, has an easterly declina- 
tion. There is an elliptic sj^ace in Eastern Asia which is left 
white, li.aving a westerly variation, .and forms an exceptional 
r(*gi(in in the eastern m.agnetic hemisphere. 

It will be seen that the lines converge in the north of 
North America, and in the south of Australia. So far as experi- 
ence goes, and so far as the most matter of fact thcorj^ (Gauss’s) 
teaches, the convergence in both cases is to a point. The 
point in North America is the ixorth magnetic pole, and 
that south of Australia is the south magvptic pole. At these 
points, then, all isogonic lines converge, and a comijass needle 
lies indifferently in any position. 

According to the same theory, if the isogonic lines 
were traced on a globe, instead of,^ as here, on a map in 
l^lercator’s projection, tlioy would fonn irregular circles 
on the northern and southern hemispheres. E.ach circle 
in the north would contain in its circumference the north 
magnetic and geographic.al poles, the portion of the circbj 
on the one side of the poles being in the hemisphere of 
westerly declination, and the other in the easterly. The sum 
of the angles marked on the two portions would amount to 18(P, 
the larger segment having the smaller angle. The same confor- 
mation of circles would he visible at the south pole. These two 
sets of circles proceeding from both poles, would meet each 
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other at the equatorial regions, and when they began to overlap, 
would run into each other, forming irregular curves passing 
through the four poles. This conformation can be traced 
more particularly on the white part of the chart. In the 
North and South Atlantic, curves are seen approaching each 
other, and proceeding from the region of the north and south 
poles. The last two circles that approach without touching 
are marked 20®. The ciides marked 15® would overlap ; but 
instead of doing so, they rim into each other, and form two 
continuous curves, forming together somi*what like the out- 
line of a sand-glass. The same union, with a less contraction 
in the middle, is seen in the lines marked 10® and 5®. 

The isogonic lines, as seen from the chart, form a some- 
what complicated system. This arises from the fact, that we 
i-efer the indications of the needle to the geographical poles, 
which are, so far as we know, arbitrary or extraneous as 
regards terrestrial magnetism. Duperrey, by drawing what he 
calls magnetic meridians and ^tarallels, draws a system of lines 
which have much the same conformation with regard to the 
magnetic poles that the meridians and parallels of latitude 
have to the geographical pides. A inagnc’tic meridian, accord- 
ing to Duperrey, is the line that would be described by a 
I)erson setting out, say from the south magnetic pole, and 
travelling always in the direction of the magnetic north till he 
reached the north magnetic pole. The magnetic paiuUels are 
lines drawn at right angles to the magnetic mefldians. 

In fig. 25, the isoclinic lines, by the same author and for 
the same epoch, are given. In tlie upper part of the chait, 
wliich is left white, the, north end of the needle dips ; and 
in the lower pm-t, which is tinted, the south end of the 
needle dips. The amount of dip is marked on each line. 
Thus, the line passing through the centre of England is 
marked 70°. A dipping needle, at any place cut by the 
line, is inclined 70'^ to the horizon. The line 75® passes 
to tbe noith of the British Isles. In Ireland and Scotland, 
therefore, the dipping needle has an inclination greater 
than 70®, and less tban 75*. The line marked 0® is the line 
of no dip ; at any station on it the dipping needle is hori- 
zontal This line is called the magnetic equator. It will be 
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Been that it is not coincident with the geographical equator ; 
it is not even a great circle of the earth, but is an irregular 
curve cutting tlie equator in two points, one near the west 
coast of Africa, and the other in the middle of the Pacific 
Ocean. The points on the earth’s surface where the dipping 
needle stands vertical, and where, in consequence, as belbre- 
metitioned, the compass needle lies in any direction, are called 
the magnetic poles. The noith magnetic pole was found in 
Boothia FeUx by_Cai)tain Ross at 70° 6' N. lat. and 263° 14' 
E. long. According to Gauss’s calculation, it should have 
been at the time (1831) some 3° north of this point. From 
observ^aiious made at Hobart Town, the nearest station to it, 
the south magnetic pole should lie 66° S. lat. and 146” E. 
long. These points are not diametrically opposite each other 
as the geographical poles. If the lines of equal dip were 
drawn on a globe, th(‘y would form round tlie magnetic poles 
a system of irregular circles, somewliat resembling that of the 
parallels of latitude round the i)oh*s of tin*- earth. 

Wo do not add an isodyiiamical chart as it would engross 
too much space. Colonel Sabine's Dynamical < Miart, along with 
the isogonic and isoclinic charts, will be found fully engraved 
and explained in Johnston’s Phtisical Atlas (new edition). 
From this chart we l(*arn that the magnetic intensity is least 
in the vicinity of the. magnetic equator, and increases as we 
approach the magnetic p«>les. The lines of equal intensity, 
though ruiming much in the same direction as the lines of 
equal dip, arc ncitluT c»)incident nor parallel with them. 
The line of least intensity, itself not an isodynamic line, 
runs nearly parallel to the magnetic fvpuitor, but lies, excej)t 
in the western half of the Pacific, a few degrees to the south 
of it. We thus learn that the clninges in direction and 
intensity do not march together. We should fancy that at 
that point or points on the earth’s surface whore the di])ping 
needle stood erect, we should be nearest to the centre of free 
magnetic energy, and that there the force would be greatest ; 
but this is not the cmse. The point in North Ameiica 
where the intensity is greatest, is situated to the west of 
Hudson's Bay, some 18° south of the north magnetic pole. 
But this is not the only point of maximum force in the north 
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magnetic hemisijhere. There is another, which was found 
hy Hansteen in 1828, in Northern Siberia, about the longitude 
120°. This maximum point is weaker than the American, 
in the proportion of 100 to 107 (Sabine). According to 
Gauss, there can only be one maicimum point in the 
southern hemisphere, which is stronger tlian either of the 
other two. It lies north-east of the south magnetic pole, 
and ita intensity is 137 (Gauss) compiired with 107, that 
of the principal northern centre. At none of those points 
does the dipping-needle stand erect. This want of coinci- 
dence of the. points of vertical dip and of maximum 
intensity has led to some confusion in the use of the 
term magnetic pole ; some writers meaning by it a point 
of vertical dip, and others a point of maximum intensity. 
In adopting the former definition, we are only adhering 
to the popular meaning of the w’tjrd, and to the opinion of 
Gauss, jK'rhaps the greatest authority on the subject. Some 
of the best English authorities, however, attach to it the 
latter meaning. 

Although the total intensity increases as we go north- 
ward or soutliward from the line of least intensity, the 
hcnizoiital intensity diminishes. This arises from the fact 
tliat the horizontal intensity depemh on the dip; the 
gi’oater the dip the less the horizontal intensity (17). Hence, 
the compass-needle, which is affected alone by the horizontal 
intensity, oscillates more sluggishly as wo leave the line of 
least intensity. A <lippmg-needle, for instance, oscillates 
faster at London than at Calcutta, because the total intensity 
which affects it is greater at London than at Calcutta, but 
with a compass-needle it is the reverse, from the horizontal 
intensity being greater at the latter than at the former 
station. 

20. VariatioTis of the Needle . — Tlie magnetic elements do 
not remain constant in the same place, but are subject to 
continual though small variations. Tliese are regular and 
irregular. Under regular variations are included secular^ 
annual, and diurnal variations. The secular variations 
take centuries for their completion. The following list 
of the declination and dip at London in different years 
Q 
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will give an idea of the secular variations for these 
elements : 

Y«ar. DocliimUnn. Year. Inclinoiion. 

1676, . . ir 15' easterly. 1720, . 74M2'. 

1667 — 1662, 0® O', no deciination. 1780, . 72® 8'. 

1760, . .19° 30' westerly. 1800, . . 70° 3.5'. 

1816, . 24° 27' 18" westerly. 1830, . 69° 38'. 

Maxirnuin. 

1850, . . 22° 29' 30" w’estcrly. 

From these ohsorvatioiiB it will he seen that in 1576, when 
the earliest reliable inea^urenicnt of the declination was made, 
it was 11® 15' easterly. This divergence from the true north 
diminished till 1057 — 1002, when it pointed to the true 
north. It then varied westward till 1815, when it stood 
furthest from the true north. Since then the needle has been 
veering eastward, and coming nearer to the north. At present, 
the annual decrease of declination at Kew is 8'. At this 
rate it would take rather more than (dghty-four years before 
the compass-needle shifts through a whole point. From the 
ohservatioiis of tlic dij), we find that it lias been gradually 
decreasing fijr the last, one hundred and fifty years. The 
annual decrease of di]) is at present about 2' -6. From the time 
observations have been taken of the declination and diji until 
now, we are liir frcuu liaving completed a cycle of change in 
cither, and it is as mere matter of speculation how long that 
may take. Tlie magnetic hi4t>r}’ of London does not apply to 
other places ; each place, so f.ir as has been ascertained, having 
a magnetic history of its own. Thus, in Paris, the time of 
no declination was 16(>.') ; ati<l of nia.\imuin declination, 1814 ; 
the latter amounting to 22° 34' we.st. Every place, according 
to Barlow, apjiears ti> have its own magnetic pole and equator. 
Magnetic intensity has been observed for so short a time, 
that little ns yet is known of its secular variation. The total 
niaguctic intensity at Kew, 1st January 1865, was 10*28 British 
magnetic units, or 4*65 metrical units. At present, the hori- 
zontal intensity is increasing in Europe, but that may arise 
partly from decrease of di^. 

The magnetic elements are also subject to changes, which 


1850, . 
1865, Jan. 1, 
at Kew, 
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have a yearly and a daily period. In describing these shortly, 
we shall limit ourselves to the changes affecting declination, 
as these are of most general interest The following are the 
chief particulars of the annual variation of declination given 
by Cassini : From April to July, or from the vernal equinox 
to the summer solstice, the western declination decreases. 
From the summer solstice to the vernal equinox, that is, 
during the other nine months of the year, the declination 
increases, the needle turning to the west. Its position in May 
and in October is nearly the same; so that in the winter 
months, from October to A]>ril, the westerly motion is slow. 
The range of the annual variation at Kew is 68"‘85. 

The mean diurnal variation for Kew is shewn in fig. 26 
(kindly furnished by Mr G. M. Whipple of the Observatory). 
This irregular line indicates the course of the north end of 



the needle. A rise of this line indicates a change of the 
north end to the east, a fall a change to the west. The 
interval between two horizontal lines corresponds to a deflec- 
tion of the needle 1' to the east, and a fall 1' to the west. 
Tlie line marked o is the magnetic meridian, or the mean 
daily position of the needle. The interval between two 
upright lines corresponds to an hour. The course begins at 
twelve at night, and ends at twelve the following night. 
At twelve at night, the magnet ia 14 ' east of the mean 



36 


SLECTBICITT. 


position, and continues nearly in the same position, with 
only a riight westerly deriation, till fifteen hours (three 
in the morning), when it veers eastward. At twenty hours 
(^ht in the morning) it reaches its furthest east point 
From /eight in the morning till one in the afternoon, it makes 
a sweep of ICf towards the west, and then stands about 6' to the 
west of the mean. After one, it goes westward till midnight, 
when it again begins the same course. The needle stands in 
its mean position a little after ten in the morning, and a little 
before seven in the evening. The course here described is 
the course for the year. But the diurnal range is different 
in different montlis. In May, for instance, the average range 
between the extreme points is 12', which is the maximum 
range for the year ; and in December, when it is a minimum, 
it is only 6' 28". The diurnal changes here described for 
Kew are much the same all over the north magnetic hemi- 
sphere. The amount, however, is different. Near the mag- 
netic equator the diurnal variation is little or nothing, and 
it increases as we go northward. Captain Duperrey states 
that at or near the magnetic equator, the north point of the 
needle in the moniing shifts slightly east or west of the 
mean, according as the sun passes south or north of the 
station. In the southern magnetic hemisphere the daily 
motions of the needle take place much in the same W'ay as 
in the northern hemisphere, only the south pole takes the 
place of the north pole, and the direction of the deflections 
is reversed. The correspondence, and at the same time oppo- 
sition, of the southern hemisphere is also shewn from the time 
of maximum and 'minimum range. When the sun is in the 
northern signs of the zodiac, the range is a maximum in the 
northern, and a minimum in the southern hemisphere ; and 
when the sun is in the soulliern signs, the reverse takes 
place. The diurnal variation is so small, that the ordinary 
compass'needle is not delicate enough to shew it. 

The irregular variations arc those which break in upon the 
regular march of the diurnal variation without in the main 
altering it Instead, for instance, of the needle steadily 
going westward from 8 a.m. to 1 p.m., as shewn in fig. 26, 
it makes, when affected by irregular variation, deflections 



TERRESTRIAL MAGNETISM. 


37 


eastward as well as westward, although it in the main 
moves westward. So that the line between these hours, 
instead of being comparatively straight, would be an irregular 
zigz^. These disturbances of the mean course are sometimes 
considerable, amounting even to one or two degrees in extreme 
cases. On some days the mean diurnal course is much dis- 
turbed, on others very little ; but it is never quite free from 
them. It has been found that places of the same longitude 
have similar disturbances at the same time ; that those on 
opposite sides of the globe, or differing by 180® of longitude, 
have disturbances equal in amount but opposite in direction ; 
and that those situated 90'* w'est-or east of the disturbed 
regions have little or no disturbance. The appearance of 
auroras is invariably accompanied by magnetic irregulari- 
ties, and their effect extends far beyond the regions where 
they are visible. Earth(juake3 and volcanic eruptions have 
also a marked effect in this way. Humboldt gave the 
name of Magnetic Stornm to these irregular disturbances. 
Sabine has found that the frequency of magnetic storms is 
greatest every ten years at the same time that the spots on 
the sun are most numerous. 

21. Theories of Terrestrial Magnetism . — ^The earliest theory 
was that suggested by Gilbert, in wl ich it is supposed 
that a magnet in the mitldle of the earth extended froni one 
magnetic pole to the other. On this supposition, the general 
phenomena of terrestrial magnetism may be accounted for — a 
needle, botli by declination and dip, must point to the poles. 
This must always remain, from its simplicity, the popular 
theory on the subject. In consistency with his theory, 
Gilbert considered the north ]X)le of the magnet to be 
a south pole, as he took the north pole of the earth for 
his standard north pole. If this theory were correct, the 
magnetic equator w^ould be a great circle of the earth, 
and the magnetic poles would be 90° from it, which is far 
from the case. It is only a rough approximation to a just 
theory. 

Halley endeavoured to supplement Gilbert’s theory, by 
supposing two magnets of unequal strength crossing each 
other At the earth’s centre to be the cause of terrestrial 
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magnetism. The theory of the two magnets or four poles was 
ably defended by Hansteen. 

Barlow considered that the earth acted on the needle as if 
currents of electricity traversed it from east to west. He imi- 
tated its action by wrapping a wire in parallel coils round a 
wooden globe, and causing a galvanic current to pass through 
it Each turn of the wire represented a magnetic parallel, 
and the two ends of the coil the magnetic poles ; and to com- 
plete the analogy, the globe was movable on an axis, which 
stood in the same relation to the ends of the coil as the astron- 
omical to the magnetic poles of the earth. When a small 
needle was placed on the globe, its declination and dip bore a 
striking resemblance to those of a needle similarly situated 
on the earth^s surface. The objection to this theory is the 
diMculty of accounting for the origin of such currents in the 
earth. To meet this, some suppose the earth to be a huge 
thermo-electric pile ; as the heat of the sun falls on one side 
of it, currents are there generated which travel round the 
globe. But how, again, it may be asked, are the conditions 
of thermo-electricity iiuplemented by the materials of the 
earth ? This question still remains to he answered. The close 
connection between temperature and mtignetism is shewn by 
the diurnal variation of declination, the epochs of which 
closely correspond with those of the daily temperature, and 
by the fact that the isod^mamic and isothermal lines manifest 
a marked correspondence. Sir David Brewster has also shewn 
that there ore two centres of maximum cold in the northern 
hemisphere, which are situateil near to the two intensity 
poles. 

Gauss did not start from any simple suj»po8ition of one 
or two magnets giving rise to the magnetism of the earth, 
nor did he assert or deny its electro origin. Considering the 
whole earth as magnetic, he aimed at detennining how it must 
act as a whole at tlie different points on its surface. In order 
to make the equations he obtained theoretically in this 
attempt express the distribution on the earth, the magnetic 
elements of eight stations at a sufficient distance from each 
other on the earth’s surface had to be ascertained and sub- 
stituted in these equations. This done, from the longitude 
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and latitude of any station he considered himself prepared to 
deduce its magnetic elements. The magnetic charts which he 
sketched, though founded on the imperfect oh.^ervalions to 
which he had access, are singularly in keeping with fact, and 
go far to establish the correctness of his reasonings. 

The secular variations are us yet wholly unaccounted for. 
Tlie cause of the diurnal variation is universally attributed 
tt) the sun, Secchi, who carefully studied the diurnal varia- 
tion of the needle, considers that the sun, so for, as they are 
concerned, acts upon the earth as a poweiful magnet at a 
distance. 


Diamagnetism. 

22. Dr Faraday was the first (1845) to shew that all bodies 
are more or less atfected by magnetic influence, and his beau- 
tiful researches on the subject have opened up a new field in 
the domain of science. He found that the magnetism of 
bodies was manifested in two wiiys — either in being attracted 
by the magnet, as iron ; or in being repelled, like bismuth. 
When a needle or slender rod of iron is suspended between 
the poles of a magnet, as in fig. 27, being attracted by them, it 
takes up a position of re^t 
on the line ah, joining the 
two ptjles. When a sub- 
stance behaves itself in tliis 
manner, it is said by 
Faraday to be paramagnetic, 
and to place itself axially, 
ah bemg the axis. A rod of 
bismuth, on the other hand, 
being repeyed by the poles of the magnet, comes to rest in the 
line cdLf at right angles to ah. Bismuth, and the like sub- 
stances, he calls diamagnetic, and they are said to place them- 
selves equatorially, cd being the equator. These terms, being 
both definite and graphic, have been itniversally adopted. 
Magnetic is the term used by Faraday to indicate maguetlsm 
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of either (sort; although -in general language it is understood 
to refer to paramagnetic bodies, such as iron, &c. Para- 
magnetic bodies, then, are those wliich manifest the same 
properties with regard to the magnet that iron does ; and 
diamagnetic bodies are those which, like bismuth, shew oppo- 
site but corresponding properties ; so that in circumstances 
where paramagnetic bodies place themselves axially, diamag- 
netic bodies place themselves equatorially ; and where the 
former are attracted, the latter are repelled, and vice versd, 
A paramagnetic, therefore, not in the elongated form, but in 
a compact shape, such as a ball or cube, is attracted by either 
pole of the magnet, when suspended near it ; a ball or cube 
of a diamagnetic, on tbe other hand, experiences, when so 
placed, repulsion. 

The paramagnetism of iron, nickel, and cobalt becomes 
manifest in tlie presence of magnets of ordinary power ; 
but the magnetism of most other substances is so feeble 
as to be developed only under the influence of the 

strongest magnets. Elec- 
tro-magnets are selected 
for investigations on the 
magneliaii^f bodies, as 
they c^JpDe made of a 
strength**^! outrivalling 
that of permanent mag. 
nets. Fig. 28 represents 
an electro-magnet which 
may be employed for this 
puiq>ose. The soft iron 
horseshoe PPP, enveloped 
towards its extremities in 
the coils of insulated 
copper-wire cc, which 
communicate with a gal- 
vanic battery by the 
wires «?, is fixed in an upright wooden frame. The ends or 
poles of the magnet rise slightly above tbe table or board 
which forms the upper part of the frame. In ddsr con- 
Teniently to suspend s^stances between tbe polea^ and to 
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protect them while under observation from currents of air, 
a glass fmne of simple construction, fig. 29, is made to fit 
the table. The upper plate of the frame admits a wooden 
ring, into which an upright glass tube is fitted. The thread 
by which the needle is suspended is wound round a slender 
movable bobbin at the top, so that 
it can be elevated or lowered to 
the proper position. To modify 
and direct the action of the magnet, 
two pieces of soft iron (fig. 27) are 
made to rest on the end faces ; these 
are pointed at one extremity, and 
flat at the other, so that the force 
of the magnet may be concentrated 
in the points, when they are turned 
towaixls each other ; or diffused over 
the opposite flat surface, when their 
position is reversed. 

To observe the effect of the 
magnet on liquids, Faraday placed them in long tubes of 
very thin ghiss, and suspended them as in the case of solid 
needles. 1^ found that some arranged themselves axially, 
and others e|^torially. The attraction and repulsion that 
liquids experiwice in the presence of the magnet has been 
prettily shewn by Plucker. A large drop of liquid is placed 
in a watch-glass (figs. 30, 31), and laid upon two poles of the 
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shape shewn in the figures. If the liquid be paramagnetic, 
the surface becomes depressed at the interval between the 
poles, and heaped up over the extreme edges of them (fig. 30), 
A diamagnetic liquid, on the other hand, shews a depression 
at each edge of the poles, and a heaping np at the centre (fig. 
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The magnetic nature of flames and gases has been also 
studied. Wben the flame of a candle is brought between the 
poles of a magnet, it is repelled by them, and thrown out 
horizontally into an equatorial position. To ascertain the 
magnetism of gases, Faraday inflated soap-bubbles with them, 
and their para- or dia- magnetism was exhibited by their being 
attracted, or repelled by the poles. He ascertained the same 
by causing the gases to flow out from glass tubes in the 
presence of the poles, when the peculiar magnetism of the gas 
was shewn by its choosing an axial or equatorial means of 
egress. 

The following list gives the kind of magnetism displayed 
by the more common substances in the order of their powers : 

Paramagnetic, — Iron, nickel, cobalt, manganese, chromium, 
titanium, palladium, paper, sealing-wax, peroxide of lead, 
plumbago, red-lead, sulphate of zinc, shell-lac, vermilion, 
charcoid, proto and per salts of iron, salts of manganese, 
oxygen, air. 

Diamagnetic, — Bismuth, antimony, zinc, tin, cadmium, 
sodium, mercury, lead, silver, copper, gold, arsenic, uranium, 
tungsten, rock-crystal, mineral acids, alum, glass, litharge, 
nitre, phosphorus, 8ul])hur, resin, water, alcohol, ether, sugar, 
starch, wood, bread, leather, caouh houc, hydrogen, carbonic 
acid, coal-gas, nitrogen. 

The nature of the medium in which the body under exam- 
ination moves, exerts a powerful influence on the nature and 
amount of the magnetism it exhibits ; thus, if a glass tube be 
filled with a solution of the proto-sul])hate of iron, and sus- 
pended between the poles, it will place itself axially. It will 
do the same if made to move in water, or a solution more 
dilute of the proto-sulphate of iron. It will be indifferent in 
a solution of the same strength, but it will place itself equa- 
torially in a stronger solution. Thus, the same substance may 
appear paramagnetic, indifferent, or diamagnetic, according to 
the nature of the medium in which it moves. As a general 
rule, a body shews itself paramagnetic towards one less para- 
magnetic tl^ itselfi indifferent towards one equally magnetic, 
and diamagnetic towards one more paramagnetic than itself 
The some takes place, mutatis mutandis^ with diamagnetic 
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BTibstances. This has given rise to tlie theory, that there is no 
such thing as diamagnetism per se, and that bodies are dia- 
magnetic only in media of greater paramagnetic power than 
their own. This view of the case is, however, rendered highly 
improbable from the fact, that diamagnetism is exhibited as 
decidedly in a vacuum as in any medium, and a vacuum 
cannot be supposed to possess magnetic properties of either 
kind. 


Chronology of Magnetism. 

23. The proj)erty of the loadstone to attract iron appears 
to have been the only fact in the science of magnetism 
knovm to the ancients. The compass is a comparatively 
modem discovery ; it was certainly known in Europe 
in the 12th century, the first reference to it being made 
in a manuscript poem by Guyot de Provins, now in the 
national library of France. Tlie Chinese, according to 
some, were acquainted with it as early as the 4th century. 
The discovery of the change in declination at different' 
places is generally attributed to Columbus, and was one of the 
many important observations of his memorable voyage across 
the Atlantic. Robert Norman, an instrument-maker in 
London, first discovered the dip of the needle in 1576. He 
was led to it by finding that needles nicely balanced 
before magnetisation had to be slightly loaded on the south 
end, to keep them horizontal after being magnetised. The 
first really important contribution to magnetism ’as a science, 
was the Tractatus de Ma^netc by Dr Gilbert of Colchester, 
physician to Queen Elizabeth. It was published in 1600. 
He first used the word poleis with reference to magnets, and 
gave the first theory of terrestrial magnetism, viz., that of the 
single magnet. Halley, the astronomer-royal, published his 
theory of the four poles in 1683. In 1688 and 1689, at the* 
expense of government, he made two magnetic voyages, the 
results of which he embodied in his charts of the lines of 
equal decimation, published in 1701, which were the first 
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magnetic cliarts ever published. In 1722 the diurnal varia- 
tion was discovered by Graham, the celebrated instrument- 
maker of London. About the middle of the 18th century, 
armatures began to be used, and various new processes of 
magnetisation were found out. Knight invented divided 
touch, which was afterwards improved by Duhamel (9) ; 
and Mitchell double touch, afterwards improved by 
Epinus (9). Brugman, in 1778, discovered that cobalt was 
attracted and that bismuth was reptdled by the magnet. 
Coulomb (1789) discovered the law of the distribution of 
magnetism on a magnetic bar, and the law of magnetic 
attractions and repulsions. Tlie first inclination chart was 
published by Wilke, at Stockholm, 1768. Humboldt 
inaugurated the present system of careful observations of 
terrestrial magnetism by taking comparative measurements 
of the magnetic elements at Peru and Paris (1799—1803). 
Hansteen’s work on the Magnetism of the Earth (21) was pub- 
lished at Christiania, 1817 ; in 1826 he published the first iso- 
dynamic charts. Barlpw, 1831, suggested the electric origin 
of terrestrial magnetism (21) ; and 1833, introduced correcting 
plates of soft iron for ships. In 1831, Captain Ross came upon 
the north magnetic pole. In 1835, stations were established 
throughout Europe, and tlie observations were published by 
Gauss and Weber, 1836. Gauss (1833 — 1840) perfected his 
theory. In 1837, Colonel Sabine published an isodynaniical 
chart of the whdle globe. Diamagnetism was discovered by 
Faraday, 1845. Observations were made (1840 — 1864) at 
stations thi’oughout the British Empire by British officers, 
under the direction of Colonel Sabine. In 1855, Tyndall 
shewQ^^^^ ^ diamagnetic body assumed a polarity similar in 
action but transverse to that of a magnetic body when under 
the action of magnetic force. 



FRICTIONAL OR STATICAL 
ELECTRICITY. 


First Principles. 

24. Electricity of two hinds. Positive and -Tlie 

first principles of electiicity are illustrated by the electric 
pendulum (fig. 32). A glass tube bent at right angles, bo as to 
jiroject horizontally, is placed on a convenient stand. On the 
hook in which its upper end ter- 
minates, a cocoon thread i.s hung, 
to the end of which a pith-ball is 
attached. Glass and silk, as will 
be afterwards mentioned, do not 
conduct electricity, so that what- 
ever electricity is communicated to 
the ball remains in it. If a tube 
of glass be rubbed by a dry silk 
handkerchief, and brought near 
the ball, the ball is at first briskly 
attracted, and then as briskly 
repelled ; and if the tube be then 
moved towards it, it moves off, 
keeping at the same distance from it. The ball being bo 
affected, or charged, as it is called, a rod of shell-lac or of 
sealing-wax, after being rubbed with flannel, attracts it, if 
X>ossible, more briskly than before, and again sends it off 
exactly as the glass had done. If the glass tube be now again 
taken up and rubbed a second time, if necessary, the ball will 
act towards it as it did towards the sealing-wax. The same 
series of attractions and repulsions would have taken place if 
we had begun with the sealing-wax instead of the glass tube. 
We interpret this experiment in the following way. When 
glass is rubbed with silk, it becomes invested with a peculiar 
property, by virtue of which it is enabled to attract 
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a pitb-ball or any other light substance ; and after contact has 
communicated this property to the ball or other matter, 
repulsion takes place between them. In consequence of the 
ball being suspended by an insulating thread, it retains the 
property of rubbed glass thus given it ; and although then 
repelled by a body having the same property, it is powerfully 
attracted by rubbed eealing-w.ax. After contact again takes 
place, and the property of rubbed sealing-wax has replaced 
that of rubbed glass in the ball, the two similarly affected 
bodies again repel, and the same series of attractions and 
repulsions will continue if we present the glass and the wax 
alternately to the ball These properties or affections, developed 
on the glass and wax, by friction, receive the name of electrici- 
ties ; the electricity of the glass being called vitrfou&, and that 
of the sealing-wax resinous, glass and resin being the type sub- 
stances on which they are produced. For vitreous, positive, and 
for resinous, negative, are now ahnost universally substituted ; 
and although these terms are meaningless as applied to two 
similar affections of matter, they have the advantage of being 
definite, and of having no reference to the source whence the 
electricity originates. They admit, moreover, of a very con- 
venient contraction, viz., the algebraic -)- for positive, and — 
for negative; and wh(*n wjilten in this way, their relative 
opposition, ^ so to speak, is graphiciiUy shewn. Throughout 
this work, we sliall use tJie contraction -f- E for positive 
electricity, and — E for negative electricity. We are taught 
by the above experiment, that bodies electrified either positively 
or negatively, attract neutral bodies and bodies affected vnth 
electricity of an opposite name to their own, but repel those 
affected with electricity of the same name; and that electricity 
can he communicated from one body to another by contact. Con- 
tact is not the only way in which one body confmunicates the 
like electricity to another. We find, when we deed with larger 
bodies than the pith-ball of the experiment, and sometimes 
even with it, that the passage of a spark between two bodies 
without contact communicates the electiicity of the one to the 
other. 

26. Both Electricities produced together.— part played by 
the rubbers in the above experiment must not be overlooked , 
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The fiilk handkerchief employed to rub the glass assumes th« 
resinous or ~ electric state, and the flannel rubber of the 
sealing-wax the vitreous or +. This cannot, however, be 
clearly shewn, as the experiment is performed, for the rubbers 
are in each case tightly embraced by the hand, which carries 
off their peculiar electricity, so that they give feeble, if any, 
evidence of electrical excitement. As the rods are held only 
by their extremities, the electricities of the uptouched portions 
suffer almost no diminution. If vulcanised india-rubber cloth, 
however, be used instead of the silk handkerchief, the rubbing 
side of the cloth shews - E. The different electricities of 
the rubbing surfaces are best shewn when the rubbers as well 
as the rubbed surfaces are insulated. When two similar discs 
— one of glass, the other brass covered with silk — ^held by 
insulating handles, are rubbed together : so long as they are 
kept touching, no electricity is shewn, for the opposite elec- 
tricities neutralise each other; but when they are separated, 
the former shews -f, the latter — E. The negative and posi- 
tive conductors of the electric machine illustrate the same 
principle. From the most careful observations attending the 
production of electricity, we are led to conclude that when 
one electricity is })rodiiced, os much of the opposite electricity is 
produced. 

The relative nature of the rubbing and rubbed surfaces 
determines the kind of electricity which each assumes. Thus, 
if glass be rubbed by a cat’s fur instead of silk, its electricity 
is — instead of -f . In the following list, each body, when 
rubbed by any one preceding it, is negatively electrified ; by 
any one succeeding it, positively : cats’ fur, smooth glass, 
linen, feathers, wood, paper, silk, shcU-lac, ground glass. 
When two j)iece8 of the same material are rubbed together, 
the colder or smoother becomes positively excited. Metal 
filings rubbing against a plate of the same metal determine 
— E in themselves, and -+■ E in the plate. When a white 
silk ribbon is rubbed by a black one of the same texture, the 
white one becomes -f . A plate of glass becomes -H when a 
stream of air is directed against it from a pair of bellows. Tlie 
friction caused by steam of high tension issuing from a narrow 
pipe develops dectricities in the steam and pipe which 
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depend on the material of the latter. This fact has been 
turned to advantage by Armstrong in the construction of a 
boiler electric-machine of immense power. 

26. Sources of Electricity . — ^There are other means of develop- 
ing electricity of the same nature as that obtained by friction, 
besides friction itself. In general, everything that tends to 
disturb the molecular condition of bodies tends to produce 
electricity. Cleavage, pressure, and change of temperaturl, 
more especially in crystalline minerals, are frequently attended 
with the development of electricity. — Tlie electricity of cleav- 
age is shewn by rapidly cleaving a plate of mica, when one of 
the divided faces shews 4 - E, the other - E. A feeble phos- 
phorescence also marks the separation when made in the dark. 
Several other minerals possess the same property. The light 
that accompanies the breaking of loaf-sugar and sugar- 
candy in the dark is generally attributed to the electricity 
of cleavage. — Haiiy found that when a piece of calc spar 
is pressed between the fingers, it becomes positively elec- 
trified, and, remains so for days together. Fluor spar, 
topas, mi<% arragonite, quartz, and other minerals, assume 
one or other electricity when pressed. When two discs, 
one of cork, the other of caoutchouc, are pressed together 
by iDflulating handles, on separation the former is found 
to be 4-, the latter — . A slice of cork and a slice of 
oran^ observe the same relation in similar circumstances. 
When in the latter case the separation is suddenly made, we 
obtain a greater effect than when it is made slowly, from 
which we learn that conducting surfaces when pressed together 
shew no excitement, probably from the recombination of both 
electricities at the instant of their production. — Tourmaline 
offers the most remarkable illustration of the electricity got 
by change of temperature. When a crystal of this mineral is 
heated, it shews at each end of its principal axis a different 
electricity. If it be divided when thus excited, each of the 
halves has an electricity at each end like the whole. It thus 
manifests an electric polarity, like the magnetic polarity cf 
the magnet. When the heating ceases, for an instaul^lb loaes 
polarity, and then as it cools it assumes the opposite poUiv, 
ity to that it had before. Below 50" F., and above SW K* 
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tourmaline seldom shews electric properties. Topaz, boracite, 
and several other minerals, resemble tourmaline in their action 
under heat The electricity thus developed by heat is some- 
times called pyro-cZeciftciiy.— There are other sources of 
electricity, of which we shall afterwards treat, such as chemical 
action, motion of magnets, heating of <Ufferent metals at their 
junction, &c. ; but these give current electricity, while friction, 
cleavage, &c., give statical electricity whost‘ properties are 
best studied when insulated or at lest, 

27. Conductors and Non-conductors ((3er. Leiter, Niokt-Uitefr), 
— K a rod of metal be made to touch the prime conductor of 
an electrical machine immediately aftt r the plate has ceased 
to rotate, every tra< e of electricity instantly disappears. But 
if the same were d(»ne with a rod of shell-lac, little or no 
diminution wcmld be perceptible in the electrical excitement 
of the conductor. The metal in this case leads away the 
electricity into the body of the experimenter, and thence into 
Uie ground, where it becomes lost, and it receives in conse- 
quence the name of a conductor. The shell-lac, for the 
opposite reason, is called a non-conductor. Different sub- 
stances are found to possess the jiower of conducting electricity 
in very different degrees. The following series classiftes the 
more common substances according to Ibcir conducting powers, 
beginning with the best, and ending with the wm^t conduc- 
tors. Conductors — The metals, graphite, sea-water, spring- 
water, rain-water. Semi-conductors — Alcohol and ether, diy 
wood, marble, jiaper, straw, ice at 32“ F. Non-conductors— 
Dry metallic oxides, fatty oils, ice at— 13® F., phosphorus, 
lime, chalk, camphor, porcelain, leather, dry paper, feathers, 
hair, wool, silk, gems, glass, iigate, wax, sulphur, resin, 
amber, gutta-percha, caoutchouc, shell-lac, ebonite, water- 
vapour as a dry gas, dry gases. 

The arrangement into conductors, semi-conductors, and 
non-conductors is made with reference to frictional electricity, 
or electricity of a high tension. The substances which are 
semi-conductors for frictional electricity are found to bo 
almost, if not altogether, non-conducting for the electricity of 
the galvanic battery, which is too feeble to force a passage 
through them. TJie metals, which appear to be all nearly 
D 
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alike conducting for fiictional electricity, offer widely differing 
resistances to the transmissioh of the galvanic current. Their 
relative conducting powers are afterwards given under Gal- 
vanism. An increase of temperature has in the metals the 
effect of lessening the conducting power, whilst in almost all 
other substances it has an opposite effect. Glass becomes 
conducting at a red heat, and so do wax, sulphur, amber, 
and shell-lac, when fused. 

Insulation . — "When a conductor is placed on non-conducting 
supports, so as to prevent the electricity communicated to it 
from passing into the ground, it is said to be insulated. The 
usual insulating material employed in the construction of 
electrical apparatus is glass, which is hard, durable, and easily 
worked; and could its surface be kept dry, it would be one 
of the best non-conductors. In frosty and very diy weather, 
glass insulates well ; but at all other times it becomes coated 
with a thin, scarcely visible, layer of moisture, which very 
considerably impairs its insulating power. In order to 
insure dryness, it is necessary to heat electric apparatus 
before use. Water-vapour, in the form of an elastic gas, 
is non-conducting, and when it can be kept from condensing 
on the glass, it doos not in that state affect the insulating 
power of the afr. The deposition of moisture is much lessened 
by coating the glass with shell -lac, which is done by painting 
the when hot with shell-lac varnish. Green glass, which 
contains no lead, is belter adapted for the construction of 
electric apparatus than flint glass, and does not attract 
moisture to the same extent. Ebonite, a rigid preparation 
of vulcanised india-rubber, which has come much into use 
of late, is much superior to glass as an insulator. It is of 
this substance that india-rubber combs are made, which in 
dry and frosty weather make the hair crackle with electricity. 
With the best insulators, and vrith dry air, it is not possible 
to maintain uiidimiuislied the charge wliich a body receives. 
There is invariably a loss, arising chiefly from the particles 
of air or dust becoming charged, and carrying off the 
charge, and partly, perhaps, from the insulators, even the 
best of them, being imperfect non-conductors. In all exact 
experiments it is necessary to ascertain the rate at which the 
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cliai^ dimiuifihea, and to take it into account in estimating 
I^bsults. 

EUctrici and Nonrelectrics (Ft, idio^lectriques^ anilecirigue$), 
— ^The term electrics is applied to those sabstances which, 
when held in the hands and rubbed, become electric ; and 
non-electrics^ to those which do not. The distinction is almost 
an unnecessary one, for almost all bodies when rubbed become 
ilectric. In the case of conductors, the electricity is no sooner 
excited than it is conveyed by the body to the ground ; while 
in the case of non-conductors, from want of conduction, it 
remains on their surface. Wlien a metal rod is rubbed with 
a silk handkerchief, no electricity is shewn by it if it is held 
in the hand ; but it it be held by a handle of glass, it becomes 
electric. The hand conveys the electricity of the rod to the 
ground in the first case, but the glass, insulating the rod in 
the second, prevents this discharge. The rod is truly an 
electric in both cases ; non-electric is a term which, strictly 
speaking, is applicable to very few, if any, substances. 


Statical Induction. 

28. Induction (Fr. influence, Ger. Electri- 

city has the power of inducing the bodies in its neighbour- 
hood to assume a peculiar electrical condition ; this is 
exhibited in the following simxjle 
way : A brass cylinder, rounded at 
both ends (fig. 33), is insulated on a 
glass pillar. Two pith-bulls, hung by 
cotton threads, are attached at either 
extremity. When ah insulated ball 
charged with E is placed within a 
few inches of the end of the cylinder, 
the balls at each end diveige, shew- 
ing that each pair is charged with 
the same electricity. When the charged ball is withdrawn, 
the balls hang doTAm as before, so that the electrical excite- 
ment of the cylinder is merely temporary, and dependent 




VLBCTBXCIT7. 


6S 

on th« proximity of tlie cliaiged ball If, while the halls are 
i>part| a proof flam (Fr. fUun, ^ipreuve; Ger. ProbeschoibcheH) 
consisting of a small disc of gilt paper, insulated 
at the end of a glass rod (fig. 34), he made to touch 
the end next the chaiged hall, and then transferred 
to an electrometer, the electricity is found to he — ; 
if the same he, done at the other end, it is +. The 
nearer end of the cylinder is thus induced hy 
the + E of tlie chaiged ball to assume the negative 
electric state ; and as no — E can he excited with- 
out as much + E, we find the other end positively 
electrified to the same extent. That the induced 
electricities are equal in amount, is proved by the 
fact that they neutralise each other when the hall 
is withdrawn. If the cylinder were made up of two 
p4rts, each suppoited by a glass leg, the two electri- 
Vif. 14 . might be insulated on withdrawing the parts 

from each other in the pn^sence of the chaiged l^y, 
the one being 4-, and the other The neutral line between 
the two electricities i.s found to Ik' nejirer to the end next the 
ball, and to shift nc^ir(‘r to that end fis tlie ball approaches. The 
action of the electricity of the charged ball inducing in the 
cylinder this peculiar electrical condition is called induction^ 
and the cylinder in this stat-e is said to polarised; that is, 
to have its poles or ends like a irnigni't, each having its 
mmilar but relatively opposite forre. 

The -f E of the fuither half of the cylinder (fig, 33) is as 
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free and insulated as if no — E existed on the other holt 
This is shewn by placing a cylinder near the first, forming a 
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continuation of it, as it were, without touching, when the 
•second cylinder, under the induction of the + £ of the hrst, 
is thrown into the same state as the first. This second can 
induce the some state in a third (fig. 35), and so on. Ai the 
chained hall is withdrawn, the whole series return to their 
natural condition without being in any way permanently 
affected. Tlie moment, however, it is again brought near, 
each cylinder becomes again polarised, and there is manifested 
at the further termination of the last a -f E, w'hich exerts the 
same influence on the ball connected with the ground as if a 
portion of the electricity of the ball had been actually 
communicated or transferred to it. 

From the position of both electricUict in induction, it is 
manifest that they observe tJie same attractions and repulsions 
as tho bodies affected by them. Induction throws light on 
electric attraction. The pith-ball of the electric pendulum 
(iig. 32) is in the neighbourhood of the excited glass in the 
same polarised condition as the cylinder (fig. 33). The side of 
it next the gloss is — by induction, and it is not, as at first 
supposed, the + glass attracting the ncutnd ball, but the + 
glass attracting tlic of the ball in an opposite electric 
slate to itself. OMing to the greater distance of the •+• side 
of the ball, the re]>n].sion of the like electricities is leas 
than the attraction of tlio unlike electricities. Attraction 
thus always occurs U-tweiu IxMlies affected by opposite 
el(M t ricities. 

The amount of Ou electricity induced by an electrified body 
on surroumlimj condiu:tors is equal and opposite to Oust of the 
inducing body. Faratlay proved this by the following beauti- 
ful experiment He insulated an ice pail, A (fig. 36), ten and a 
half inches high ami seven inches in diameter, and placed the 
oui.-'ide of it in conducting connection with the knob of a gold 
leaf electroscope, E. A round bnui.s ball, C, suspended by a 
long diy thread of white silk, w’us charged with -f E, and intro- 
duced within the pail. The pail w'fis thus subjected to polar- 
isation, the induced - E being on the inner, and the 4- E on 
the outer surface. The divergence of the leaves caused by 
the induced + E increased as the ball was lowered, until it 
sunk three inches below the opening, when they remained 
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iteadOy at tlie same point The hall was lowered till it 
tonohed the bottom, and communicated its charge to the pail, 
when the leaves remained in the same state as before. The 
ball when lifted out was found to be 
fully discharged, shewing that the 
+ E developed by induction on the 
outer surface was exactly the same 
in amount as that of the ball itself. 
The — E of the inside of the pail 
{ being equal to the + E on the out- 
side was therefore equal to the + E 
A of the ball, but opposite in kind. 
He altered the experiment so as to 
have four insulated pails inside each 
41 - ~ other, and the effect on the outmost 

J })ail was in no way altered. No force 
was lost in the transraissiou from one 
OE j)ail to the other. We may conclude 
A from this experiment that on the 
fif. St. walls of a room, or other conductors 

surrounding the charged body, the 
total amount of t»pposite electricity induced is equal in 
amount to that of the bcnly itself. 

29 . Communication of Electricity hy Indncticm . — If the hand 
touch the cylintler (fig. Xl) when under induction, the pith- 
balls next the chaigtH .1 ball divergt^ further than before, and 
the other two cease to be affcctc^l. In this case, electrically 
•peaking, the cylinder is a portion v»f the ground, for the hand 
and body are conductors ; its dimensions therefore being 
increased, more — E is develo|K*«l than'befon*, and the -f- E i.s 
thrown back into the ground, and is lost ; or it may be more 
correct to say tliat the -f E now spreitd over the earth as well 


ai the cylinder, an infinitely laige surface, is infinitely weak or 
nothing at any point The ~ E is kept fixed in the part of 
the cylinder op|>08ite the ball by the -h E of the latter ; and 
when the hand is Jir$t removed, and ihai the ball, it causes 
the balls at both ends to diverge permanently. Thus, when 
on inflated body u charged hy being unineulaUd for an instant 
in the preeenee of on exrifsd body, or charged, ae it ie termed. 
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inductively^ charge is of the opposite kind to that of the 
inducing body* 

30. Induction Universal in its Action, — It would seeing 
moTeoyer, by a careful study of the action of induction, that 
when a body is charged by contact or fspark, its charge is no 
less due to it Let us consider the case of charging the cylin- 
der (fig. 33) by the positively electrified ball. AVheii the ball 
is brought near to the cylinder, the latter becomes polarised, 
and the ~ E is turned towortls the ball. When the ball is 
near enough, by spark or contact, the cylinder is ponnanently 
changed with -f E, Now this must occur in one of two ways: 
Either the — E of the cylinder at spark or conttict partiidly 
neutralises the -f E of the ball, ainl a balance of -f E flows 
over to the cylinder to increase the -f charge inductively 
alread)' there, or an erpial amount of both electricities becomes 
neutralised at contact, and the + E of the cylinder already 
there is left alone without its negative twin. The latter 
alternative seems the more likely on many grounds. It seems 
reasonable to e.\})ect that induction, which at the beginning 
of its action can partially charge tlie cylinder, can, when 
complete at contact, fully charge it ; and it seems imlikely 
that the cffiux of — E, and the c\k n<Uug of the -f- E, to which 
the action at the beginning tend.s, af5 Is sheum by the shifting of 
the neutral line towards the point of contact, should be imme- 
diately succeeded by an influx of 4- E, as if the charging of 
the cylinder had to he done piulially by one operation, and 
fully by an opposite one. Faraday’s experiment (fig. 36) 
shews that no sucli counterflow lakes place. As 8(X)n as the 
biUl is low enough in the pail to exjxnid all its inducing force 
on it, the -f E induced on the oiiUido is complete, for tho 
leaves of the electrometer on the ball being lowered further, 
remain at the same point. The -f clnirgc which the pail keeps 
after contact is not greater than it was be fure it, for on contact 
the leaves arc not affected All manifestly that contact 
cfiects is a junction or neutralisation of the + E of the ball 
and the — E induced on the inner surface of the pail, leaviiig 
the induced 4- E of the outside as it was before couteL 
Similarly, in the case of the cylinder, the charge which it 
ultimately receives is fully developed in it at contiict ; contact 
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merely neutraliaing the — E, and leaving the induced -f E in 
nndiatuihed possession of it. The inside of the pail, as shewn 
by the ball when taken ont, is perfectly neutral The -f E 
which charges the cylinder is equal to the + E of the ball, 
which is neutralised at contact, for the — E which neutralises 
the -f E of the ball is the twin electricity of the -f E of the 
cylinder. The result of contact is as if a portion of + E 
ha<l actually been trauhferred to tbe cylinder, the loss of the 
boll being equal to the gain of the cylinder. Induction 
manifestly has as much to do with charging by contact, or 
condv4>twely as it is tenned, as it baa with chaiging by 
momentary ooiila«;t with the ground in })i'esence of an excited 
body, or induct mhj^ only the ch*ctiicities communicated are of 
opposite names. 

But induction hunls to tli.-^chiirge as w’ell a<» charge. Let us 
discharge the cylinder alrctciy chargisl by contact. On the 
hand approaching to dij^chaige it, the + E of the cylinder in 
its turn jKiIarisi^s the hand, ciiu>ing — K to apj>ear on it, and 
sending the tw*in -f K into tie- ground. At contact the -f E 
of the cylinder and lliu — K of tin* hand or ground neulrali.'»e. 
It was formerly chaigod posit ivily by - E leaving it; it is 
now rendered neutral bv an e.juul amount of -f E leaving it. 

Lastly, let us ctui'ider the coiulitiun of the cylinders 
(fig. 35), if the piisitively charged ball were discharged through 
them into the ball coniuMtetl with the ground. The polarity 
of the cylinders vordd la* the Hame jis that shewn in the 
figui'C. As the ii.<likti\e action increases, the oppo.site elec- 
tricities Ix-coine more 'ie\ehqK*d at each end. We must place 
the cylinders at som* distance from each other, and from the 
ball at the other exti onuty, so u-> to j»rtivent them touching 
and aC'tiiig as one c\liud»-r in connection with the ground. 
Suppose them so jdac^'d llmt when a sj>ark ]>asses from the 
ball to the first cWimler, sj^irks also piiss at the other 
interruptions. When these sparks occur, the ball and the 
cylinders are finally discharged. Making use of the same 
reasoning here as we have done above, we cannot conceive of 
this discharge taking place in any other way than that at each 
iuterruptiou two equal aud opposite electricities neutralise 
eat'b other, 'fhe charged ball becomes discharged by the 
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cylinder next it yielding at the spark as much £ aif 
has of + £ ; the cylinders act in the same way to eilU^ 
other, discharging opposite electricities at each end)i-|iid 
tlie + E of the further end of the last cylinder neutralistttMlihe 
~ £ of the ball connected with the ground. There is hei^^no 
passage of the electricity of the ball into the ground, but Ihe 
effect is the same as if it did. Induced electricity is the temi 
applied to electricity that appears on bodies before actual 
contact or spark. It is the forerunner of charge and discharge, 
these being, in fact, the crises to which induction tends. 

It would thus seem that in whatever way a body acta, 
whether as giving or receiving a charge, discharging or lying 
ill tlie path of a discliarge, in every case it is by electricities 
leaving it and becoiiiing neutralised or disappearing by spark 
or contact. The usual plmiseology of electricity supposes the 
actual passage of the electricities looked upon aa fluids, from, 
into, and through conductors, but the very existence of induc- 
tion rendei’s such a 8U}>positiou untenable. Electric terms, 
like many others, however, iu science, though based on a 
wrong supposition, distinguish quite definitely the phenomena 
they describe. Moreover, they e.vpri*S8 what is true in effect, 
though not in proojss, and if we look on electricity as a force 
of which the -f and — electricitie.s are merely the manifesta- 
tituis, we nuiy speak of it as entering, leaving, and traversing 
btMlies as one of its iiiaiiifcstations is, according to the usual 
pliraseologj’, considered to do. 


Theoretical Views, 

31. Fluid There are two theories which have 

pkyed an important paxt iu the hintiu-y of the science — the 
two-fluid theory of Dufay and Symmers, and the one-fluid 
theory of Franklin, According to the fonner, mutter is per- 
vaded with two highly elastic imponderable electric fluids-— 
one, the vitreous ; the other, the resinous. These are supposed 
to repel themselves, but attract each other. Neutral Ixxlies 
give no evidence of their presence, foj: they are thei^e 
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nenteliliBed the one by the other; but when by friction or 
other operation the fluida are separatedi each b^y observes 
the ettractioiis and repulsions of the fluid it happens to have. 
According to the latter, there is only one electric fluid which 
rep^ itself^ but attracts matter. Friction determines a gain 
of the fluid to the positive, and a loss to the negative body. 
Of the two theories, Dufay’s is generally preferred, because 
the perfect similarity of each electricity, separately considered, 
is better represented by two similar fluids, thim by a fluid on 
the one hand, and matter on the other. The action of induc- 
tion, as we liave just descriljed it, dnes not seem to favour 
the idea of electricity being a fluid or fluids. Either 
theory can give, in the mtiin, a graphic explanation of electric 
phenomena ; but this does not necessarily imply their truth, 
for any theory which made alh^wance for the double nature of 
electric force could not fail to be in some degree satisfactory. 
It is extremely questionable whether electricity is a fluid at 
alL It is true that the distribution of electricity on the sur- 
faces of conductors is that of one of the fluids supposed ; but 
tn act as a fluid, and to be a fluid, are two very different 
things, and something more is needed than mere analogy to 
prove electric fluidity. If smli a fluid existed, we might 
expect to have some tracijs of its separate existence ; but 
experiment teaches us that eh-ctrioity is never manifested or 
transmitted apart from ponderable matter. It is difficult to 
conceive of fluids of the nature supplied. They are, in fact, 
quite as peculiar as the jdienomena which they arc intended 
to explain ; still, the science of i lectricity is very much 
indebted to the supposition of its fluidity. It luis served to 
lessen the abstni<'tiuu8 of the science, and to .simplify the com- 
prehension of pheiiomonji, much in the same way that the 
IjoUs of an abacus, though xiui numbers, facilitate calculation 
by being dealt wnth tis such. 

32. Faraday's Tfnonj of Indiictum . — ^Faraday has propounded 
a theoiy of electric action by induction, which, though it does 
nut profess to overturn the other theories, in effect does so, 
by leaving room for the assumption that electricity need be 
nothing more than a molecular affection or property of matter. 
Xu compreheuaiveupas it goes lor to bind together the varied 
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and complicated phenomena of electricity in all its conditions 
into a harmonious whole. We shall therefore give a detailed 
account of it 

Faraday finds a radical defect in the fluid theories ; viz., 
the leaving out of account of the intervening medium in 
induction. According to them, an electrified body is a centre 
firom which lines of electric force proceed in all directions in 
straight lines. Surrounding bodies are more or less affected 
according as they are more or less near, the air or medium 
between being in no way concerned in the propagation of the 
force. The only part pla)'e<l by the air is to keep by its pres- 
sure the electric fluid on the electrified body, and prevent it 
from springing into the bodies presented to it. Faraday con- 
siders this view of the function of air to be faulty theoretically, 
for it seems unlikely that a dense fluid like air can restrain 
the electric fluid supposed to be infinitely rarer ; and he 
proved, by a series of testing experiments that air has a 
much more important part to discharge ; that it is, in fact, the 
medium of propagation. We have not space in this small work 
to quote his ex^x-riments, but we shall indicate the general 
principles of them. 

Let A be a body, say positively electrified (fig. 37), PP a 


B 

o 


Fig. «7. 

metal plate insulated on a glass pillar, connecte^l by a chain 
with the ground, B a bidl provided with an insulating handled 
Let us leave meanwhile the series of half-shaded circles 
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of acooimt Let tw suppose that PP being away, B is exposed 
to the uninterrupted action of A. B in that case becomes 
polarised, and when touched with the finger it becomes 
charged with - E (29) the amount of which can be estimated 
by an electrometer. Let PP now occupy a place in front of 
B. If, according to the fluid theories, electric force travels in 
straight lines like the rays from a candle, the plate PP should 
cast, so to speak, an electric shadow, for the inductive action 
exerted on it fixes — E on the side next A, and sends the + E 
to the ground. The back of the plate PP gives not the 
faintest sign of electricity, so that no action can proceed from 
it. Faraday found that when B was placed immediately behind 
the middle of PP it could not be charged. Towards the edge, 
however, of the plate, and even behind the mi<ldle of the 
plate, when held a little w'ay out, a chai*gc was given it, and 
in each case negative. At a certain distance behind the 
middle of the plate the chargti reached a maximum, within or 
without which it fell olf. Iudu<*liun liere manifestly turns a 
comer, or is exerted in curved lines, which cannot be accounted 
for in any other way than by BU]*p«j.siiig the air to be the 
active me^uni of trausinission. 

Again, supj)t)3e PP iusuhiled, and let B be laiil aside, when 
the plate is touched in the )>rescnce of A, it is charged nega- 
tively (29), aud, as is to be exj>ecte«l, the chaige thus given is 
greater when PP is near A than wlieii it is further from it. 
If the charge that PP receives at a certain distance be 
measured when air only intervenes, and again mciisured when 
a cake of shell-lac so thick as to till up nearly the whole inter- 
vening space is interposed between A iind PP, it W'ill be 
found that the charge is gn‘ater when the sliell-lac lies between. 
The effect is the same as if the plate PP in air had been shifted 
nearer to A. From this exjH*rinient Faratlay again concludes 
that the electric action does not pass through the intervening 
medium as light through a j>aue of glass, but that tlie medium 
itself is the active clumnel of communication. 

Faraday calls the medium through which induction is pro- 
jMigatod as air, ehell-lac, Ac,, the dit Uctric, The relative powers 
of different 8ul)stauces in facilitating induction are also termed 
by him their tpecijic inductile ca/rnddes. The foDoMung table 
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by Sir W. S. Harris gives the specific inductive capacities of 
the more important non-conducting substances^ taking that of 
air as unity: Air, 1*00; resin, 1*77; pitch, 1*80; bees-wax, 
1*86 ; glass, 1*90 ; sulphur, 1*93 ; shell-lac, 1*95. All gases, 
whether simple or compound, have the some inductive 
capacity, and this is not affected by temperature or density. 

Faraday, having proved that induction always has a 
dielectric, supposes the particles or molecules of the dielectric 
to he conductors insulated from each other. Each particle 
becomes polarised like the cylinders in fig. 35. The particles 
in the immediate neighbourhood of the charged body become 
polarised by its immediate action ; they again act on particles 
next them, and so on. When the polarised particles of air or 
other dielectric come upon a largo insulated conductor, they 
each exert their polarising influence on it, and the sum of 
their tiny influences gives its polarity. The conductor itself 
acts as if it were a huge molecule, and transmits the polarity 
to the particles Wyond it. If we can suppose the ball in fig. 
35 surrounde<l on all sides by a series of insulated polarised 
cylinders, we have, an idea of the condition of the myriads of 
aerial particles which, according to Faraday, surround it. The 
different strata of air transmit their polarity to each other with- 
out loss, just as the pails do in artide 28. The row of half- 
sliadcnl c’ircles between A and IT gives nn idea of the state of 
one straight row of aerial partic les in this condition ; those at 
tlie edge shew how the induction may turn a comer. The 
shaded halves are -f, the uiii-htuled — , and the half-shaded 
part of PP neutral. 

Faniday generalises further. lie considers that the par- 
ticUs of a conductor are polarised exactly in the same way 
a* those of air or other non-conductory the only difference 
being that the particles of a conductor can communicate th&ir 
dectricities to each other much more readily than those of a 
non-conductor. The gist of Faraday’s theory is to reduce Hie 
action that we see on a large scale in insulated conductors to 
a similar action on the part of molecules, that what we see in 
the mass really takes place in the molecule. The molecules 
of matter are thus situated to each other much in the same 
way as the series of cylinders^ fig. 35. If the cylinders are 
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nearly touching, the series may be called conducting ; if at a 
distaxiee from each other, non-conducting ; and it may have all 
degrees of conduction or non-conduction, according to the 
insulation of the cylinders from each other. Similarly, 
when the molecules of a body, from some cause or other, 
are well insulated from each other, the body is non- 
conducting; when they are scarcely, if at all, insulated, 
conducting. The ready communication between contiguous 
particles constitutes conduction, and the difficult communication 
nonrconduction. 

33. Electric or inductive force only travrU, — If the view we 
have taken of induction he correct, the cylinders (fig. 35) 
dischazge the electricity of the charged ball into the ground, 
not by its electricity passing through them, but by their 
giving out opposite electricities to tlie cylinder or ball 
next them; so each particle, becoming first polarised, dis- 
chaigas by giving off its opposite electricities to the par- 
ticles next it Electric force appears first to polarise and 
then to dischaige ; first to develop in each particle the two 
electricities, and then, when powerful enough, to cause these to 
disappear by contact or something equivalent. K otliing passes 
from particle to particle but the inductive forc(\ each particle 
being the seat of the two electricities, and its points of contact of 
their disappearance, and each p(i88es>ing the inherent property 
of being poiari.sed, polarising and discharging as often as the 
electric force acts on it. The molecules of conductors, from 
some peculiiir condition which Faniday does not attempt to 
theorise on, are easily jndarised, and as easily discharge ; those 
of non-conductors, from mi oj)|x>sile cause, offer considerable 
resistance to both. In tlie case of tht‘ cylinders the condition 
of dischaige is not altered w*hen they are near each other, 
and when they are further away, only a greater force is neces- 
sary to effect polarisation and dischaige in tlie latter than in 
the former case. In conductors and non-conductors in the 
same way the notion is precisely alike, only it takes a much 
greater force to produce polarity and discharge in the latter 
than in the former. A force, for instance, that would merely 
produce polarity iu a non-conductor, might be more than 
sufiicient to effect dischaige in a conductor. According to 
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Faraday’s theory, as inteiiireted by the view we have taken of 
induction, conduction begins where induction ends { or rather, 
perhaps, is the completion of it. Induction deals with the 
polarising, conduction with the discharging exhibition of 
electric force. 

34. There are numerous evidences of the feet, that conduc- 
tors and non-conductors are the same in kind though different in 
degree. When the iimer and outer 
coatings of a charged Leyden jar are 
connected by a long \sirc, which near 
the coatings is bent towards itself to 
within a fourth of an inch, as shew’n 
in fig. 38, the greater ix)rtion of the 
discharge, instead of passing through 
the long wire, the coiu-se of which is 
cut oflf by a dotted line in the figure, 
leaps across at the bend E ; the pro- 
portion being greater tlie nearer the 
wire is at the hen<l, and the longer 
the course of the wire. Here tlio electricity finds a short 
course of the non-cond\icting air a better conductor than a 
long one of the conducting wire. 

35. Effects of Discharge. — We Irn^’e found that insulated 
bodies, when Bufficiently influenced by electricity, like the 
pith-ball of the electric j>endulum, are attracted and repelled 
at cliarge or discliaigt;. If the i>article8 of matter are more or 
less insulated conductors, we, whould expect to find something 
siiuiliir in them. 'I'his we uclutdly do, for mechanical action 
or heat, the eipiivalent of mechanical action, is always developed 
by discharge. Xoii-conductors hIiow this most, as their particles 
offer the greatest resistance to discliurge. When dischaige takes 
place through air in the f(»rru of a spark, there is always a com- 
motion of the atrial jMrrticles, and heat is developed ; and when 
dischaige takes place tlir<jugh glass, the material in the path 
of tlie discharge is broken into fragments or ground to powder. 
Even good conductors exhibit the same. When a huge 
amount of electricity is made to pass instantaneously through 
a thin wire of metal, the wire is made red hot, and sometimes 
even vaporised. The small number of the discharging 
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pirtieki lum more work than they can aceompliBh 
tinu^ anl oonseqnently act aa if non-condncting. 

B0. EUt)tfic QuanUty and Tension are tenns baaed on the 
aammption that electricity ia a fluid. Quantity ia the amount 
of the fluid that a body contains as its charge, and the temdon 
# any point on its surface (insulated electricity lies on the 
iurfaoe} is the depth— or if the depth remain the same, the 
density (Qer. dichtigkeit)-~of the fluid at that point The 
fluid may be so disposed on a body as to lie deeper, or denser, 
at one point than another, and it frequently happens that 
though the quantity of a chargee be small, its tension, on a 
limited surface, may be very great. Without the fluid theory, 
we may arriTe at a correct view of these terms. If I rub, say 
•lx inches of a glass tube, I produce a certain quantity of elec- 
tric force ; if 1 rub twelve inches of the same to the same 
amount, I double the quantity. If I rub the first six inches 
more, enexgetically, I may give it twice the power it had 
before, and then the original quantity would be again doubled. 
In this last case the partich^s of air immediately touching the 
gins would be polarised twice as much as in the first two 
cases, the tension of the excited particles of gloss is now 
doidiled. The quantity has reference to the number of par- 
ticles Aectrified, and the amount of fl)rce lodged in each ; 
the tension has reference simply to the inductive force lodged 
in each. It is possible, as we shall afterwanls find, to concen- 
trate the force of many molecules on a few, the tension of 
the latter being as much greater than that of the former, as 
their number is less. Particles that are highly electrified 
must polarise powerfully the particles near them, and if power- 
ful enough, cause discbaige. Tension, tlicn fore, is the powe|[ 
to polarise and eflect ditudiaige, (See also page 271.) 

37 . Induction propagata itself in the direction v^e 
the least resistance to encounter. If we supposed the row^^ 
poUrised particles between A and PP (uninsulated), fig. 
to be those of a conducting wire, dischaige instantly tak^ 
place. The particles instantly give off their electriciriee to 
each other, and the two terminal particles disohaige 
outer halves, oue on the ball, the other on the plate, 
chaigt takes |fiaoe as if there were no other particles 



thifk Hie tanodiiel om, wMch are in oppoHle VHE{i 0 
eHbe wm Snankted, dkchai^ wonld U^e place only kr hW 
intexiofr, leaving the two terminal halvee ready for diedbatgil 
when occasion offers. Insulated conductors thus only ahevir 
electricity on their outer surfaces^ and in the line of aoUon, 
But why, when the wire touches both, does discharge talee' 
place along it 7 The electric force of the ball can act on Htw 
air and on the wire. The panicles of air off<f*r considerahW 
resistance to polarisatiou, those of the mre almost noneu 
Electricity here, like all other forces, acts in the path of least 
resistance, the path most favourable to its action. If the 
facility of communication between molecules were more nearly 
equal in the air and in the wirt‘, the inductive action would ba 
directed in tlie prot>oTtion of that facility to each ; but seeing 
that the facility ofrere<l by the latter is indefinitely superior 
to that of the former, the wlnde of the action is diverted from 
the air into the wire. This facility immediately leads to dis* 
chaige and electric quiescfnce. 

We have alrtady seen tliat the shorter the passage the ifewer 
are the particles to In* acted upon, and the easier is it to act 
on them; that even a short non-conductor jwssesses to a certain 
extent conducting pmjierties (fig. 3M), whilst even a long 
conductor l>ecx)nie8 non-conducting. The i>ortion of the air 
Indween A and PP being a nhorter piissage to the ground 
than any other is con»(‘<jucntly bvlter conducting, and the ~ 
action of the boll in more exerted through that channel than 
through any other. The tension of the electricity on A ii 
greater towards PP than on any other side. If PP were 
cular, and extended nearly all louiid A, the whole of its 
jmuface could become eciually active ; and if A were clmiged in 
these circumstances, it woiild receive a much greab^r chaxgu 
HliU when nothing but air was near it. This w'e find ex]>eri* 
mantally to be the case. The Leyden jar and condenser are 
iBttstrations of it The charge, thnefore^ that a body receUm 
U ahoayt in proportion to the facilitiee it offen for indwUiork 
If a body is so situated that it has nothing to act on, it receives 
no ehima, or has no eUetrtheiaiic capacity, 
tS^ JHodharge hepim where the Teneion is greatest , — ^When 
Aaiid bioii|^ fo near that a spark passes between 
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thiilBy is likely tkat t^e dkcbaige first begins at A, and 
fstends to PP. The reason is this. The lines of polarised 
paxIiclQB expand from A to PP, PP having the larger snr&ce. 
The tension of the particles at the plate and at the ball is 
greater than in the middle, for the inductive action, acting on 
nurve lines, can bring in there a larger number of molecules 
than at the ball or plate. The lines of polarised particles 
vnden out in the middle. At the bull, the number of molecules 
is most restricted, and the tension there is highest They then 
will first bo forced to be conducting, or to form electrically a 
part of the ball, the charge is thus pushed foniv’ard towards the 
plate, and the inductive lines are contracted towards it The 
ohaige is again pushed forward, and a further contraction takes 
place untLl it reaches the plate. If both bodies had the same 
size and shape, the tension }>emg greatest at the ends and least 
in the middle, the sjmrk would start simultaneously from 
each. The following cxpiniincntal illustrations shew that 
when the tension is the same at both temiiiiations, the spark 
or ^aohaige first logins at the terminations. Wheatstone’s 
^experiment (50), ufUirwards detjiiled, shews that the discharge 
of a Leyden jar proceeds from both coatings at once, and ends 
in the middle. Electric discharge is so momentary in good 
oonductors, that it is impossible, except by such contrivances 
as Wheatstone’s, to dotennine tlie order of discharge. In 
solid non- condiK tors, w’here the discharge is necessarily much 
ri.ower, we can tmee it better. Mat teucci placed together several 
loaves of mica iKjtweou t w(» metal plates in the manner of a 
Ijoydcn jar, nntl kept the arrangement clinrgtHl for some time. 
On taking the whole t-* j»le<*es, he found the lamina) next the 
oppositely chargt^l plates charged with the electricity of the 
plates, while those in the inidillc were without chaige. The 
discharge, whieli had only partially taken place, began 
simultaneously at ea<.'h en<i Mica here acted as a riow con- 
ductor. The n»sidual chaige in a Leyden jar (49) arises from 
the electricities having peuetratod so ^r into the glasa 
We have hitherto taken no notice of the — E that, for 
instance, is said to be lost in the ground when glass is charged 
positively. Now it may be lost, and the — E induced by 
the glass on sunoundiug condnoton may be new — E 
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iadofied If it Bat it it also potiible^ mf Wfa. 
tittt thii — £ it none other thiui the E said to be 
If thit be the cate, the groand acts m maoh on the |^bti 
at the gitts on the gron^ and the action is preds^y 
tame at in a galvanic drcuit, where the polakmtion pxo« 
ceedt in opposite ways, in two f^potite directions, the acikni' 
of the one strengthening the action of the other. Howeveri it 
makes no practical difference, and it is simpler to suppoee the 
insulated body to be the one centre of force. 


Distribution of Electricity. 

39. Effect of ExUruUd Surface . — We might take it almost as^ 
a Self-evident tnith, tliat the greater the surface over which 
electricity is diffused, the less is its power or tension at any 
particular point, and so we are tauglit by experiment When 
two equal balls are insiilate«l, and a charge is given to one of 
them, and then cuminunicated to the other by contact with 
tlie first, it is found that both equally divide the charge, but 
Uiat the tension uf tlie electricity of each is one half of that 
of the originally charged ball. Wh' n a watch guard-chain is 
charged and laid uu the plate of on electroscope by means of 
a glass rod, the gold leaves diverge most when the chain lies 
in a heap on the plate ; and os it is lifted up, the leaves 
approach each other, shewing that as the exposed surface of 
the chain increases, the electric teu.^iun of each ])art diminishes. 
We are thus taught that a large surface feebly electrified is 
oquivaleut to a small surface highly charged with electricity. 
This can be accounted for by the theory of induction in the 
following way. It is assumed that electricity places itself 
where it can best propagate polarisation through the particles 
of the dielbc^ic. the case of the two bolls, as each offered 
the same facility for induction, there was no distinction 
electrically between them, and an equal distribution necessarily 
took pU^ The polarising force, however unaltered in 
amonn^ having twice the number of dielectric molecules to 
act 19011, esn ^y eSs|t bsH the amount of polarity in each. 
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The aame xne^hod of explanalioii may be adopted m all sudbi 

40. EUctricUy found (mly on (ke outer aui/aca--4Ktpe]m 
teadies na that electricity is exhibited only on the surfaces of 
conductors ; this is shewn by the apparatus represented in fig. 
69. A brass ball is suspended by a silk thread, and covered 
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with two hemispherical surfaces of brass, which are held by 
insulating handles, and which exactly fit it. A choige is then 
communicated to the ball so compounded. When the hemi- 
spheres are withdrawn, they arc found to take away all the 
electricity with them, not the sliglitcst charge being left in the 
ball The same fact is exhibited by a hollow ball placed on a 
glass pillar with a hole iu the lop large enough to admit a 
proof plane to the inside. 
When charged, not the faintest 
evidence of electricity is found 
on the inner surface^ however 

L thin the material of the ball 
may be. The edge of the hole 
should in this experiment be 
rounded the* edge, or 
covered with a ring of shell- 
lac, to prevent it difichaTging 
into the proof plane. The 
thinnest metal plate, when nnder induction, sImwb opposite 
electricities on its two faces. No electricity is found on the 
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inner tmlftcen gold leaves diveiging under tim 91DI0 

ckaxge. Fknuisy attached a conical bag of cotton gsM 
to an insulated ring (fig. 40), and held it distended by a 
silk thread attached to the apex* Ou charging it he fotmd^ 
by the proof plane, the charge to be wholly on the outeidei 
and no electricity whatever was found in the . iusidet 
By pulling the silk thread the other way, the bag was 
turned iiieide out. The electricity hcieupon changed sides, 
and lay wholly again on the outride. We learn from these 
and jiuuieroufl other experiinenta, that electricity is only found 
vn the outer eurfices of conduefora tn an envcloj^e of inappreciahU 
tlitekneiui. 

This fact is <juite in keeping with the theory of induction, 
for the polariHiitiou which a charged body exerts cannot be 
pro|ttigated towai-da its interior, which cannot possibly offer 
the corresponding oj>jK>site electricity, to complete the 
and the outwaid polari‘^ati»)U can be manifestly l)e8t exerted OH. 
the very exterior, if we may use the phrase. That facili^ for 
induction determines the po.-^ition of the charge, may be 
by ]iutting an uniiiMilated ball inside the cotton net (fig. 4(^)f 
when the cdectriciiy will partially sliift inside the net See 
also the explanation given at the beginning of article 37 of the 
action of the inolcculoH <if a comhitt- . under induction. 

41. Ejffxl of Pinifioii and Shaj>e.- Wo are also taught by 
expenment that tlu* diritrihutioii of electricity on the surface 
of insulated conductor^ is inilucnced nmterialJy by their fbnn. 
An clextrilicd ball, for example, exhibits the some tension on 
cxery )>art ; and tliin w o should ex])ect, for there is no point 
jMxr excellence wlicrc induction is faciliUitcd. This, however, is 
iiot always the case, for wdjcn a conductor is brought near 
enough to the ball, the distribution is disturbed, being greatest 
tow’ards the di»turbing body, and lejist on the side away from 
it If induction were propagated fixjm the ball in the same 
way that light emanates from a c^iudle, we should expect that 
the opposite electricity developed on adjoining surfaces ought 
to be of higher tension than 014 those more remote, in the 
same way that a body held near a candle is more strongly 
illuminated than more distant objects. The candle, however, 
does not sliew itself brighter on the side next the near object 
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its brightness is the same j 
Inilie Electrified ball we haye a crowding of Eecti 
the ahdrtest dielectric channel (37). It is to thUpiaifientra- 
tlon of electricity on the side of the approaching eondnctor 
that we owe the electric spark, and it is as we near the 
•triki]|t or sparking distance that this disturbance becomes 
deddecL The concentration or fixing of electricity on the side 
of the thinnest and best dielectric is particularly illustrated in 
the condenser and Leyden jar, whose action depends upon it ; 
but in these the dielectric must be very thin to secure 
decided effect 

t When a conductor somewhat in the form of a prolate 
^heroid (fig. 41) is charged, and the electric tension 
of the several jmrts tested by the proof plane, 
it is found to least at the thickest part, 
and to increase towards either end ; and the 


difforonco is found to be all the greater as 
each end becomes more and more pointed. 

_ It is found likewise that the electric tension 

. i ‘ on a point is so grt*at %vith a considerable 
charge as to destroy the dielectric condition 
of the air, the particles of which become 
electrified, and carry by convection, like so many pith-balls, 
the charge of the point to surrounding conductors. When 
a point is turned towards a charged surface, it acts as if the 
•uiface were almost in conducting connection with it; and 
when a point is in a charged surface, it acts as if the surface 
were joined to the ground or neighbouring conductors by 
•emi-oonducting wires. A fiamc also acts as a point. Wo 
therefore learn that electricity corveent rates on points and 
prtyeefiont. 

This is quite in accordance with the theory of induction. 
Let us take the case of a metal point presented to a positively 
ehaiged surface. We may suppose its terminal molecules to 
be as shewn in figs. 4S and 43. If they were molecules oi air, 
they would be polarised alike as shewn in fig. 42, and if we 
•oppose them in this condition to be invested with conducting 
power, they would act predsely as the point in question, 
fig, 4^ The shaded halves of the molecules axe poaitive» 
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the oOmh ^llitivii. The l^^iit^heded <iiTeles'%n amfuiL 
The hillimat the indoeing body mtuh^be negethre (% 

The three mole- 
cnlee wooM nentraliae the 
4 - £ of die two In front 
of thenif and the - £ of 
the two again the 4 £ of 
the one in which the point 
enda. In order that thia 
ehoold be, the two must 
fumiah aa much -f E tw 48 . ^ tig. 49 , 

the three of - E, and the 

one aa much as the two. C\»ust*(juently, from the action of 
tlie conducting particlea on each other, the one must yield 
os much + £ as the three, and he polarised three timea aa 
much. The effect of the whole thi-ee is thus lodged in the one 
(fig. 43) ; and if the point he prominent enough, tlie effect 
of the whole — surfiwe coiiijected with the point will be 
concentrated in the tenninal xm)locule. The point hero is 
supposed to be jjcrfect, which w*c lu vur have in practice, but 
ordinary points aj^proximate lunn* or Iws iu their action to it. 
The point so stnmgly charge ! will n a t on the air, and cause 
all the lines of inductive lur<(‘ h> oncentrute on it. The 
facility with which the iiudiM ul» « «.t a conductor communicate 
their electricities one to anoilu r is no doubt the reason why 
the distribution of ckctricily on thi* .•'urfuecs of conductors 
appears to be that of a highly elastic Duid (IU). 



Electrometers and Electroscopes. 

These words are generally taken as synonymous ; electro- 
scopes, however, should lx? applied to the instruments 'which 
give evidence of electrical excitement without giving the 
exact measure of it ; and electrometers to such as shew both. 

42. Quadrant Electrometer. — Fig. 44 repi-esents the quadrant 
tUctrameUr. It consists of a conducting-rod, generally of 
box-wood or brasSy with a graduated semicircle attached 
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•bovBi in the centre of which is a pivot for the rotation of 
a etraw carrying a pith-ball at its outer end. It la need for 
electricity of high tension, such as that of the 
electric machine. When placed on the prime 
conductor of the machine, the whole becomea 
charged with 4- E, and the ball is repelled 
first by the electricity of the rod, and then by 
that of the prime conductor, the height to 
which it rises being seen on the semicircle. 
This is not an electrometer in the strict sense 
of the word, for although it tells us, by the 
straw rising and fulling, when one tension is 
greater or less than another, it does not tell 
us by how much, the conditions of its repul- 
sion being too coinjdicated lor simple matheina- 
ticil expression. It can shew us. however, by the indicator 
standing at the same point, wlu*u the electric tension of the 
machine is the Rume at one time as at another. 



43. The Gold’kaf EJeHroscoj^c is the most convenient instru- 
ment for testing electricity of feeble tensiem. One of the best 
of its forms is sheu'u in fig. 45. A glass ball, about four 
inches iu diameter, re&ts on a brass tripod, 
9 and its neck, almut an inch in diameter, 

.419^ is enclosed by a brass collar fixed with 

ll^ sliell-luc. A brass plate, with a hole of 

one-fuurtlx of an inch in diameter iu the 
mill die of it, can ha sciewtni air-tight into 
the collar. lVfi»re it is so fitted, a brass 
rod, one-eighth of an inch in diameter, is 
fixed by shelMuc or sealing-wax into the 
hole in tlui inuldle, so a.s to be perfectly 
insulated fioui it. The upper end of the 





Fig. «, ends in a bntss ball, and the lower end 

is lib^tl oil ca< 2 h side, to allow of two stripe 
of gold-leaf, an inch iu length, being attached to it Before 
the plate and leaves arc finally fixed, the interior of the ball 
is thoroughly dried, by passing hot dry air into it, so that the 
ball contains no moisture to cany away the charge of the 
leaves. When the plate is screwed to the collar, there is no 
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eommiiliicfttloii between tbe indnded and ottetnal ain Die 
inaalatictt of the learn ia complete^ and the 3 r keep their 
charge, in dry weather, for hours together. When the instm- 
ment is used, it may be charged directly, by contact being 
established with the ball and the body whose electricity we 
would examine, or a charge may be carried to it by thf^ proof 
plane, when the leaves diverge according to the charge com- 
municated. When we would ascertain simply the kind of 
electricity with which a body is charged, we proceed in the 
following way. A gla^s tube is rubbed, and brought into the 
neighbourhood of the brass knob; the leaves diverge by 
induction, and, when so diverging, the knob is touched wi4l 
the finger, and the leaves fall to their original position, for 
they aro then oat of the line of action. In tliis state, — E is 
fix^ by the action of the + E of the tube on the side of the 
knob next it, and the coixesponding -f E is lost in the ground. 
When the finger is removed, the -h E is cut off, whilo the — E 
remains in tlie knob ; and its presence is manifested by the 
leaves diveigiiig permanently after the removal of the tube. 
If, now, a positivedy electrified body be brought near the 
knob, it draws away the — E from the leaves, and they conse- 
quently fall in ; but if a negatively electrified body be brought 
near, it sends the ~ E moiu to the o aves, so that they diverge 
further. We are thus enabled to distinguish between a -f and 
a — charge. Hut it may be U'.ked, why not charge the elec- 
tis^meter immediately with the gla5?8 ? There are two diffl- 
culti«^ in the way of this. If the glass is powerfully electrified, 
it giver:, too gieat a charge ; and if feebly, contact between the 
knob and the ghiss cannot he elfected, although its electricity 
acts powerfully by induction. We therefore bring the gloM 
rod near the electrometer, and when the leaves diverge suffi- 
ciently, we touch the knob with the finger, and withdraw first 
the finger, then the rod, and the leaves diverge as beibre. 
For the more delicate use of the gold-leaf electroscope, see 
COXPENSEB. 

44. Couhmh'M Torsion Balance (fig. 46) has played an 
important port in examining the laws of electric forces. A 
glass canister. A, is placed on a wooden frame, and is covered 
above by a plate of glass or wood ; in^ the middle of this 
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plate « immd hoit U eat, over which is fixed, hy wooden 
fittingi, a long glass tube, B, having the graduated rim of a 
circle attached at its upper end. A circular plate, resting on 
this rim, closes the upper end of the 
tube ; and when it is turned round, a 
mark upon it tells the number of 
degrees through which it has been 
moved. A cocoon thread or very fine 
wire is tied to a hook in the centre of 
the lower side of this plate, and thence 
descends to the body of the canister. 
It carries below a collar of paj>cr, or 
other light material, in which a needle 
of slielMac is adjusted, having a disc 
of gilt paper placed vertically, or a 
gilt pith-ball at its one end and a 
countcjpoifjo at its other. When the 
j)lato above is moved through any 
number of degrees, the needle below, 
impelled by the torsion of the thread, comes to rest at 
the same number on the scale below. This last consists 
of a strip of paper divided into degrees, pasted round 
the cylinder at the sanui height as the needle. In the 
cover of the canister there is anutlior opening, for the 
admission of a bull insulated at the end of a rod of 
l3iell-lac, and which, when supported by the cover, is on a 
level with the paper disc of the needle. When the instru- 
ment is adjusted for ubservatiou, the mark on the upper 
plate and the pa|)er disc stand each at the zero-points of their 
fespective scales, there being of course no torsion in the 
thread. The ball is removed, to receive a charge from the 
body under investigation, and is then placed in the cylinder, 
when the disc is first attracted, then repelled. Suppose that 
the disc be driven 40”, as shewn by the lower scale, from the 
ball, and that the upper plate has to be moved in the opposite 
dixeotion, through 1^” of the upper scale, to bring it to 
10*, the total degree of torsion is 160” 4. 40” 200*. If the 

ball and disc be now diachaiged, and another charge be given 
to the ball, which requires torsion to place the disc at 
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10*, 1V6 lumihe nbcdm 900 to 250 as thatfiif the leptileiTe 
iotie$ of th5 two ehaxgeB, for the amount of torsion in d^preei 
is proportioiud to the twisting force. Without entering farther 
into detail, we may state the two laws that Coulomb estab- 
lished by this instrument : The inteneitiee of the mutual repul- 
non or attraction of two invariable quantities of electrioilty of 
the same or different rumeSf are in the inverse ratio of tha 
squares of the distance at which these act The intSTisities of 
the total repulsive or attractive action of two electrified bodies 
placed at an invariable distance^ are proportioned to products 
of their electric charges. Tlie latter law shews that, when two 
different tensions arc tested by the proof plane and torsion* ’ 
balance, they are to each other as the square root of the 
observed forces of repulsion. ^ 


Electric Machines. 

In tlie tube of glass and silk rubber we have the embryo of 
the electric machine, viz., a body which, when rubbed, is 
positively electrified, and its rubl^er negatively. The first 
requisite we should expect la a machine of this nature is a 
laige surhice, to give a great amount of electricity. But th^ 
is another already casually referred to : glass being a non- 
conductor, the electricity formed on its surface has not a 
combined action, so that some arrangement is necessary to 
collect it, and render it available — to act, in fact, as its con- 
ducting reservoir. This portion of the machine is denominated 
the prime conductor. The rubbed surface of the electric 
machines is either a cylinder or plate of glass, hence we dis- 
tinguish them into cylinder macliines and plate machines. 
The former, from their more compact form, are the more 
manageable ; and the latter, from both sides of the glass plate 
being rubbed, are the more powerful forms of the instrument 

45. Plate Machine/— The description of Winter's plate 
machine (dg. 47} will be quite sufficient to shew the general 
requirements and constraction of electric machines. It was 
designed by Carl Winter of Vienna, and its m er i t s, as well ss 
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theme of some d! the best forms of electrical apparatus, bare 
been made widely known by two well-known Qennan works^ 
Mtillex^s Physik and Frick’s Physikalische Techn^ The first 
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machine on this principle in this country was made under the 
author's superintendence in 1858. It is one of the best exist- 
ijig forms of the niucUiue. The glass })late is turned on the 
axis by means of the handle 
c. The longer end of this axis, 
consisting of a glass rod, moves 
in the wooden pillar d, and the 
other rests in the wooden head 
c»f the glass pillar e. The plate 
is thus completely insulated, 
and little loss of its electricity 
can take place through its sup- 
ports. The two rubbers, one of 
which is shewn on the outside, 
in fig. 48, are triangular pieces 
cf wood, covered with a padding of one or two layers of 
fiamml, enclosed in leather^ end they present a fiat hard 
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anrfSftce to the glm, so that fnction hetwooft it and them 
takes place in ereiy part They are placed in a wooden 
frame on each side of the plate, and the pressure is regulated 
by metal springs, fixed to the outside, between them and 
the frame. Before use, they are covered with an amalgam of 
mercury, zinc, and tin, which is made to atlhere with the aid 
of a little grease, and which increases immensely the produo 
tion of electricity. The surfaces of the rubbers are therefore 
conducting, and are ma<le to communicate by strips of tinfoil 
with the negative eonductoTf f (fig, 47). To prevent the electri- 
city of the glass from discharging itself into the air, before 
reaching the prime conductor, each rubber has a non-conduct- 
ing wing fastened to it, w’hich is made of several sheets of 
oiled silk, kept together by shell-lac varnish, beginning at the 
rubber with several, and ending with one or two sheets* 
When the machine is in action, electrical attraction makes 
them adhere to the plate ; but when it is out of action, they 
may be kept up by a split pin, g. As the plate turns, the 
rubbers are kept in the frame by their ledges, h. The whole 
framework of the rubbers and negative conductor is supported 
by the short glass pillar t, so that it can be insulated w^hen 
required- The j»rimc conductor, A*, is a brass ball insulated on 
the long glass pillar /, and to prevent the edges of the ball at 
the jimction dissipating the electricity, the piUar enters the 
ball by a trumpet-shaped opening. The collection of the 
electricity from the glass is made by a row of points placed in 
the grooves, inside of two wooden rings, m, m, which are 
attached on each side of the plate to a piece of brass project- 
ing horizontally from the ball of the conductor. The grooves 
are covered with tinfoil, which conveys the collected electri- 
city to the ball, and the points are kept out of the way of 
injury by not projecting beyond the grooves. 

A section of the ball of the prime conductor is shewn in 
fig. 49. There are four openings into it : the lower one for 
the head of the supporting pillar ; the one at the right for the 
attachment of the collecting apparatus ; the one at the left 
for the stalk of a small brass ball ; and the upper one for 
admitting the lower end of a large wooden ring, removable 
atpleasu^ This la^ fonns peculiar feature of Winter’! 
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laacliiiift. It of an iron wire bent into the ahapa 

diewn in the figure, carefully coyered aU round with polished 
wood, oommunicatizig by a brass pin at the foot of the 
atalk on which it stands with the prime conductor. To receira 
the sparks from the machine, an appendage (fig. 50) termed 



the spark-drawer is provided. This consists of a wooden 
pillar of the same height as the prime conductor, in the head 
of which a brass rod slides, with a large flat ball at the one 
end and a small ball at the other. the fittings of the 
machine are of wood, no metal being used but for the prime 
and negative conductors. The loss caused by metal fittings 
in ordinary machines is very considerable. The insulating 
pillars should be, if possible, of green glass, which, from the 
absence of lead, is less conducting than fiint gloss. It is 
desirable, likewise, to coyer them yuth shell-lac yamish, 
which prevents the formation of a conducting layer of moisture 
on them from the atmosphere. On using the maebine, it is 
first necessary to connect the negative conductor by a wire or 
chain with the ground. As ihe plate is turned, — E is 
developed on the rubbers, and led to the negative conductor ; 
and -f E is formed on the glass, which is collected by the 
points, and tRmsferred to the prime conductor. If the 
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negatiye eonduotor were insulated, the dipkities of both 
conductors, being of oppodte names, and equal in amomst, 
would act induotiYely on each other, so that the + £ of the 
prime conductor would be to a considerable extent bound by 
the — E of the other conductor. When the latter is connected 
with the ground, its electric tension is no higher than is due 
to the inductive action caused by the prime conductor, which 
at the distance is not great, so t^iit the electricity of the prime 
conductor is free to throw itself on the objects presented to it 
To lessen this attraction, and at the same time to insure the 
insulation of the + E, both conductors are placed as far 
apart as possible, the distance in Winter's machine being 
nearly the diameter of the plate. If — E is wanted, the 
negatiye conductor is insulated, and the prime conductor 
connected with the ground, when sparks of — E are given off 
by the negative conductor. 

46. Disruptive Discharge in A ir. Spark, brush, glow (Fr. itifir 
eelle, aigrette, lueur; Ger. Funke, Buschcl, The term 

disruptive discharge is applied to all cases where discharge is 
attended with a disruption of the jmrticles of the dielectric. The 
various fonns of disruptive discharge through air can be well 
seen with Winters machina The negative conductor being 
connectetl with the ground, with a two-foot plate, we may 
observe them in the following order. On turning the plate 
once or twice, a faint snajiping sound is heard, and, when the 
room is darkenal, a flirkeriiig spark is seen to be thrown out 
from the two-inch ball prt>jecting from the prime conductor, 
which has the form of a bush, without leaves, with trunk, 
brandies, and twigs, about ten iiichfs in height This is one 
form of what is called the brush discharge. Its general 
direction is horizontal, or not much inclined from it, but it 
turns to the hand or other flat conductor brought near it. If 
it be received on a bull, its various branches concentrate on it 
If the brush proceed from the end of a brass rod, instead of 
from a ball, it becomes vciy much diminished in size, and 
resembles a brush of feathers. The brush discharge, though 
apparently continuous, has been found by Wheatstone to 
consist of a series of successive brushes. 

When discharge is effected from a point, a star or glow of 
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light marks itstsrminatioxi, while strong currents of air pro- 
0^ firom it, which are strong enough to blow away the 
flame of a candle. These currents accompany more or 
less the various forms of the brush dischaij^. The par- 
ticles of air thus carry away the charge from a point 
to surrounding conductors, and hence a point is said to 
^ifliichaige itself by convection. The glow is more readily 
got, and becomes much more extended in rarefied air. 
A tall receiver, with a ball above connected with the 
machine, and a ball below connected with the ground, when 
exhausted, presents the appearance of a pillar of flicker- 
ing mauve-coloured flame. When a vacuum tube (that is, a 
tube exhausted of air, with platinum wires hermetically fixed 
in its ends) is held near the machine, flashes of light pass 
through it, and continue to j)a**s at intervals even after the 
machine has ceased to act. The liickering light thus produced 
bears a striking resemblance to tlie aurora borealis. No 
sound accompanies the glow. If we connect the brass rod 
of the spark-drawer with the ground, or the negative con- 
ductor, and bring the flat ball opposite to the small ball on 
the prime conductor, straight brilliant sparks, each founding 
like the crack of a whip, pass between them so long as the 
distance does not mw h exceed two inches. Beyond that 
distance, the sparks become soinewdiat crooked, and at 
about four inches, th(? discharge begins to ttike the form 
of a bruslu If, now, the ring bo placed in the conductor, 
the sparks again pass with readiness, and the brush does 
not again take place till the ball of the spark-drawer is 
eleven or twelve inches off. Tlie long sparks thus obtained 
with the aid of the ring are decid.^lly crooked or forked, 
with strongly-marked lateral branches, which l>ecome all 
the more marked as they lengthen. It w’ould thus seem that 
the spark has a tendency to brtnik up into branches. When 
the striking distance is small, this is not so perceptible ; it 
is then straight and its branches scarcely observable. As the 
distance increases, it is crooked with well-marked offshoots ; 
and when the distance is too great, it splits up entirely 
into a bush or brush. 

The flinction of the ring of Winter’s machine is therefore to 
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increase enoxmeusljr the length of the epidik. This would 
seem to arise in the following way : Quantity as well as high 
tension of electricity is requisite for the long spark. Without 
the ring, the electricity collected on the prime conductor 
concentrates on the projecting Ivall, but it cannot gather 
strength enough to make a full discharge into the neighbour- 
ing spark-dniwer, for before the quantity is sufficient, thli 
tension of tlie electricity on the small Ml has pushed the 
polarisation of the molecules of air to th^-ir utmost, and a 
purtial or overflow discharge in the form of a brush ensues. 
When the ring is addwh from its thinness and prominent 
}H>aition, it diverts the electricity into it ; and before the 
tension of the electricity on tlie small ball again rises to 
discharging point, a large charge is accumulated in the com- 
pound conductor, which finds full vent in a i)Owerful and 
concentrated spark. The woodtm en^^'clopc appears to act to 
the core as tht* oiled silk to the plate ; it prevents discharge 
intc* the air. The influence of the large flat l)all of the spark- 
drawer is of hui>ort<'mce ; it concentrates, from its size, the 
inductive action of the charge on it-^elf, and from its flatness, 
it cannot hasten a premature tlischarge. liong sparks do ndt 
necessarily imply a very powerful machine, but they guarantee 
good production of electricity, uml an insulation so perfect 
that no pow’er is squandered. For tl.v generality of electric 
experiments, sj>ark9 of one or two inches arc amply sufficient. 
Tliesc, Winter’s machine gives reatlily without the ring ; and 
w'hen occasionally h»ng sjwirks are wanted, the extension of 
the prime conductor can he added without inconvenience. It 
might be supposed tlmt while tlic long s])ark8 pass, the machine 
works more powerfully than at other times ; but such is not 
the case, ft>r the long spark occurs only occasionally, and the 
short one almost incessantly. All the forms of di8ruj)tive 
discharge are accompanied with the i)eculiar electrio odovr 
which arises ftom the production of ozone, a peculiar modifi- 
cation of oxygen. 

47. Cylind^ Machine$, — Fig. 51 represents a cylinder 
machine. A is the glass cylinder, £ the negative conductor, 
instilated on a glass pillar, D, which can be adjusted by the 
screw, M, in the sole of the instrument The rubber is 

f 
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to the negative conductor, and the flap of oiled 
•nic^ to the robber ; Q is the prime conductor, insulated 

on the glass pillar H; B,B 
^ are the wooden standards 

“ , in which the axis of the 

C? ' , cylinder works. The rest of 

tbe machine is sufficiently 
^ explained by the figure. 

48. ExperimmU with ike 
Electric Machine, — To illite- 
irate Attraction and BepvX- 
eion, — A wooden head with 
hair on it is fixed to a metal 
rod, and placed on the 
nuiehine. As soon as the 
machine begins to work, the 
hairs stand on end apart 
from each other. Wlien the hand is placed alnive the hairs 
thus excited, they converge and cling to it. Tlie hairs 
being -f and the hand — , attrartion hikes place between 
them. Between two bodies, one electrified and tlie other 
connected with the ground, th«‘re must al\vays be attrac- 
tion. The electric dance (fig. 52) is another illustration. 

Tlie plate E is hung from 





rig. 58. 


(T), connected with the 
machine ; CD stands on an 
iiihiilating jiillar AB. Below E 
lies the uninsulated plate F. 
Pith tigures aie placed on the 
uninsulated plate. When the 
machine is turned, the two 
)>latvs are oppositely electrified, 
and the pith figures are alter- 
nately attracted and repelled by 
each. They keep thus dancing 
between the hvo so long as the 
machine acts, or imtil they leap 
away under the excitement The 


same thing is shewn when the up|>er and lower plates form 
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the end af a glass cylinder four or five inches in heighti and 
pith-balls placed inside instead of figures. The balls axe 
kept in conUnnotis \ipward and downward motion between 
the plates, and, like the figures, discharge convectively the 
tipper plate, A great many electric toys are construct^ on 
this principle. Among them mar he mentioned the elecirk 
chimes^ where hells hung hy silk threads, ore kept striking 
alternately lx;] Is connected tviih the machine, and others 
connected with the ground. 

Th^ effect of PoinU ami Flamcit , — When the machine is in 
action, and sparks of sereml inches in length are passing, they 
instantly cease w hen a sharp melal point held in the hand is 
presented to the iiiiH'hine within a few' feet of it. If a pointed 
rod lx* placed on the machine, no spark can he got from the 
prime conductor; jHuverful currents of nir proceed from the 
|j*oint‘ sufficiently powerful to turn a sumll wheel furnished 
with paper vanes, or to blow away the tlame a candle. 
Persons standing near the mat hine, feel if cobwfitbs were on 
the face, arising from the chargt; being disseminated by the 
jH»int. Tlie reaction of the air on points can Ije made to move 
the points tlnunhclves. This is genemlly shewn bjr taking a 
wim pointed at both ends, and bending it so that its pointy 
are at right angles t<) it and on tipposile sides of it, and pois- 
ing the whole on a jsiint on tlie luachim . When the machine 
is in action, the ]M»int.s an* driven backwards, and the wire 
revolves on the )»rincij>U* of a reaction wheel. In the dark, 
the points describe a luminous ring from the glow at tliem. 

When the flame of a candle is held near the machine it 
acts like a point; if uninsulated, it a<‘ts more decidedly than 
when insulated. In tlie latter case, it ajipears to point towards 
the machine and out from it, acting like a double point — one 
discharging the machine, the other discliarging the fiame into 
the air. 

The heat of the spark is shewn by holding a spoonful of 
ether below the small projecting ball so as to receive a spark 
from it The spark instantly kindles the ether. 

OonirmrUcation of Electricity, — Conductive,— A person stand- 
ing on an insulating stool (that is, a stool with glass legs), with 
one hand on the machine, can with the other send sparks to 
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evexTthmg and ereiybody about him. In this position he 
can light with his finger a jet of gas or kindle ether. Jwdwc- 
tive.— -The most extraordinary experiment that can be per- 
fonned with Winter’s machine, is the lighting of a gas-jet 
by a person wholly unconnected with the machine and 
sUndi^ some eight or ten feet from it If the person so 
situated holds the blade of a knife or other point over the 
gas-burner, at a distance only short of touching, at each long 
spark from the machine, a small spark passes between the 
blade and the burner, and this ignites the gas. The reason is 
as follows : The body of the person ifi question is electrified 
negatively by the extensive prime conductor of the machine 
acting inductively. When the spaik passes, the ring is dis- 
charged, and its inductive power for the moment ceases, and 
the negative electricity of his b(Kly, now no longer attracted 
by it, returns to the giound, ctkI taking the easiest route 
causes the spark iu qucHtiou. This is quite similar to what is 
known in thunderstorms us the back-stroke (Fr. choc en retour; 
Oer. EUchddag), A ]H*r8on in a prominent position, under a 
hi^hly-chaigcd cloud, experiences a violent, sometimes fatal 
shock same time as a flush of lightning, although the 

flash was not at all near him. 

The physiological effect of the Bi)ttrk may be felt by any one 
holding tlie back of his lumd near the macliine so as to get a 
spark from it A ten-inch spark from Winters machine 
produces a slinging sensation accomjumied by a nervous 
twitcliing, and this may be felt by a dozen persons at once, 
joinetl liond in hand, the first presenting his free hand to Uie 
machine, and the last liaving liis free hand connected with 
the ground or negative conductor. The last, however, receives 
a less shock than the first, because since each person is badly 
insulated on leather soles, mere or less moist, so much 
electricity descends to the ground os it posses through each. 
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49. Leyden Jar (Fr. BouleUk de Leyde; Q«r. LeydH$r 
FUuche ). — ^Thifl is a glass jar (fig. 63), a coating of 
tinfoil pasted csK^fully inside and out, extending to within 
a few inches of tlie mouth. Tlu;? last is 
generally closed by a wooden stopper, through 
which passes the stalk of a brass knob or l>all, 
surmounting tlie whole. The connection 
between the inside coating and the ball is 
completed by a chiiiu extending from the 
stalk to the botttiin (*i’the jar. If tliis jar l»e 
put on an insulating stool, so tlmt sparks con 
pass from the j>rime con<luct<ir of a machine 
to the knob, wlien the jar is thus insulated, 
one or two sjwirka jwss, and then the charge 
seems c‘oiii[)lete, for no more sparks will follow, though the 
action of the macliiue is tontinued; or if they do, they are 
iinmcdiately di»sipat<‘d from tlie knob in a brush discliarge. 
If then, however, the knuckle of the experimenter.^ brought 
near the outer coating, K[Kirks begin again to pass ireely ; and 
for every spark that passes between llie machine and tbs 
knob, a similar spark Indween tl* knuckle and outer 

coating. This continues for some time, and then the jar 
appears to lie again sjitumted. It is now said to be fully 
chaigc^il. The outside of the jar can, in tliis state, be halidled 
freely, and if it lie still on the insulating stool, so may also 
the knob, although, when the hand flint uiiproaches, it receives 
a slight 8])ark. But if, when the experimenter has one hand 
on the outer coating, he bring the 
other hand to the knob, before it can 
reach it, a straight, highly brilliant 
spark passes between the knob and hU 
hand, and he exjieriences a shock of 
great violence. If he try the same thing 
again, a feeble spark and shock again 
ensue, and the jar is now thoroughly 
discharged. As it is highly inconvenient, if not dangerous, to 
dischaige the jar through the body, discharging tongs (%. 
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64) axe used for that purpose, which consist of two brass arms 
ending in balls, and moved on a hinge by glass handles. 

The following account may be given of the action of the 
jar : When a spark passes between the conductor and the 
knob, the 4* E thereby communicated to the inner coating 
induces polarity in surrounding conductors, the — E being 
turned towards it. From the knob, it can act upon a wide 
but distant range of conductors, through the air as the dielec- 
tric ; and through the glass as dielectric, it ran act upon the 
outer coating. Now, as the outer coating is very much nearer 
than other conductors, and as ghiss is a better dielectric than 
air, by far the most important direction of induction, when 
the jar is uninsukted, is through the glass. We have, there- 
fore, the electricity given to the knob and inner coating 
divided, as it were, into two inducing chargt's — one to the 
further conductors, and the other to the outer coating. The for- 
mer of these we may call the free charge, os it acts in the usual 
way through the air ; and the latter, the bound charge, for it 
has a special conductor and dielectric. Eb‘ctricity, \rhich, 
from peculiar inductive facilitii-s, acts only in one direction, 
is called fixed, hound, or disguised electricity (Fr. ilectriciti 
diuimiUie, Ger. gehundene Electricatdt). When the jar is 
insulated, we find that after one or two sjwks it refuses to 
take more. This comes from the outer coating refusing to be 
further pokrised, or, which is the same thing, the insulated 
electricity can more ea.sily transmit polarisatiun to surround- 
ing conductors through the knob than by means of the + E 
induced on the outer side of the outer coating. When, how- 
ever, the outer coating is connected with the ground, either 
by spark or contact, the polarisation can reach its final ter- 
mination, the ground, much more easily through the thin 
sheet of glass than through the air, so that every spark that 
the jar now receives goes, for the most pjirt, to the bound 
charge, and a small fraction only to the free charge. What 
goes to the bound chaige must have a corresponding - E on 
the outside coating ; and for every amount of ~ E thus fixed 
on the outer coating, a corresponding amount of 4- £ must be 
sent from the outer coating, either silently, when in contact, 
or by 8paik| when nearly so^ into the ground ; and what goes 
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to the free chiuge has ita ~ E imperceptibly mduced in 
surrounding conducton. The jar thus receives rather more 
-h E inside than £ outside ; the latter, however, being by 
far the largest portion of the total — E induced. After a few 
more turns of the plate, a second limit is reached, and the 
sparks refuse a^^ain either to tmvel or to be retained. This 
arises from the air offering an easier channel for induction 
than the glfiss, the fwirticles ei which now offer more resist^ 
ance to further ]Hilarisati(»n than those of air to a disruptive 
discharge. The thimier the jar is, the linger must it be Wore 
this state of things ensues, for the greater then is the facility 
fi»r induction otfered by the glass, and the less therefore will 
surrounding c<nnlut*tor8 acting through the air come into 
c.onipetitioa with the outer coating. The charge which ^e 
inner coating cun receive is in proportion to the facility it has 
for induction. The thinner the glass, therefore, the greater 
will l)t; its charge, and the less the proportion of the free to 
the bound cL'trge. If the ghiss could l)e made of indefinite 
thinness, so as to offer perfect facility for induction, other con- 
ductors w’ould not then come into com]>etition with the outer 
coating. The free chaige could not then exist, and there 
would l)e no limit to tlie chaige wdiich tlie jar could receive* 
Practically, how'ever, thtTe is a limit t-.> the thinness of the 
jar, l»ecause when the pailicles of the glass become too highly 
polai’ised, they discluirge. into each other disruptively, for as the 
glfiss gets lliinner the polarisation of its particles rises higher ; 
and when it is too thin, the polarisation rises higher than the 
cohesion of its particles can bear, and a disruptive dischaige 
takes place througli it. Such a spontaneous discharge some- 
times occurs with ordinary jars at their thinnest part ; and^as 
the fracture which it there causes in its passage makes the 
jar useless, it is usual not to charge a jar to saturation. Tlie 
beau ideal of a Leyilen jar would be one w'hose dielectric was 
perfectly insulating, and yet offered no resistance to the 
propagation of polarity among its particles, a condition mani- 
festly unattainable. According to Wheatstone, the amount 
of electricity which a jar can receive, provided it be of uniform 
thickness, u proportional to the coated surface, and inversely 
proportional to the square of the thickness of the glass. 
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Tlie two chazges are bound by mutual attraction to each 
aide of the glass ; but if both coatings could be simultaneously 
temoTed, as in the condenser, each would give striking 
evidence of its high electric tension. The outside coating can 
be touched without shock, for the — E is next the glass, and 
the -H E has been lost in the ground, of which the outer 
surface of the coating, as well as the hand, forms a part. The 
inner coating, or its representative knob, may not be touched 
while the jar is uninsulated, for the discharge of the two 
coatings would be effected through the ground and body. 
When it is insulated, it may be touched, after, however, 
receiving a small spark, arising partly from the discharge of 
the free charge. The outer coating iM comes here the insulated 
or cliarging coating, which must always have more electricity 
than it binds on the other coaling; for although the other 
coating offers the greatest facility for indnetitUi, surrounding 
conductors still offer some facility, and divert some of the 
chaiging electricity as a fri'C charge on llicm. Consequently 
the spark got from the knob is partially made up of the free 
-f E already there, and partially frt»m the -f- E set free by a 
corresponding amount t>f — K being set free in the outer, now 
the chaining coating. When now we touch the outer coating, 
a — spark is got from it, and when we agiiin touch the knob, 
a + spark ; and thus, while the jar is insulated by touching 
alternately the knob and the outer coating, we gnidually 
discharge it. A toy, called the electric spider, prettily illus- 
trates this action. A ball connected with the outer coating is 
placed at the distance of one or two incluis from the knob 
of the jar which is insulated, and a ph*ee of pith made up so 
as to resemble a spider is hung by a silk threml between. The 
spiffer keeps moving l>etween the two halls, under the influence 
of the electricities alternately liberated from each coating. 

When we wish to dischaige the jar with the tongs, we place 
one ball on the outer coating, and bring the other round to 
the knob, when the discharging spark takes place. The length 
of this spark is many times longer than the thickness of the 
glass, which shews t^t a dischaige takes place more easily 
through the air than through a glass plate of much inferior 
thioknepM. On bringing the ball of the tongs, after the first 
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4iad^aige> nearer to the knob, a feeble secondary 
follows, arising from the electricity which, under the intense 
action, had penetrated the glass, in the endeavour to force a 
conducting passage through it, being partially left in it It is 
to this state of conduction into which the surfaces of the glass 
are forced, that we may attribute the fact, that the chaxge 
appears to lodge more on the gloss than on the coatings, the 
latter merely serving to ai<l in giving completion to their 
semi-conducting state. Tliis is usually illustrated by a jar 
with movable coatings, which, when charged, can be taken to 
pieces. The jar being insulated, the inner coating is first 
removed, then the jar is lifted fivm the outer coating. Both 
coatings being completely discharged, the whole is again put 
up, and a discharge of very considerable power is obtained. 

A series of insulated jars can be charged simultaneously 
with the same cliaige. They aic arranged so thot the knob of 
the first jar is connected with the inacliine, and its outer 
coating with tlie knob the second. The outer coating of the 
stH.‘ond is in the e^ime luaniicr cormeoted with the knob of the 
third, and so on, the last (mter coating being connected with 
the ground. The vvlmle Is ilischarged by bringing the knob 
of the til’s! in ccuinection with the outer coating of the lost. 
This is called the charye hy caacndr The outer coating of 
one jar, and the inner coating of tlie next, is placed in tlie 
sajue circumstances as each of tlie cylinders (tig. 35), only they 
are separated by ghiss instead of air from the next in the 
series, and from the exh nt of surface anil pro.\iuiity of each, 
they are polarised much inoie jiowerfully. 

For gTfiat jiower, large surfaces are necessary. This can be 
obtained either by constructing a largo jar or by uniting 
several small jai>i together, so as to act as one. The latter 
methixl is prelerable, a.s we can vary the surface accotding to 
the number of jars employeil. A combination of small jars 
united together as one is Cidle^l an electric battery, A veiy 
convenient form of electric battery is shewn in fig. 65. The 
knobs of each jar communicate with a lazge central one by 
means of arms of brass moving on hinges, and the outer coat- 
ings are put in conducting connection, by being placed on an 
insulated stool covered with tinfoil interior coatings 
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are eonvcniently diaiged by a long projecting am from lite 
central knob, and the exterior ones by connecting the Btool 
with the knob of the unit jar, or by a wire with the ground. 
Any jar can be thrown out of action by throwing back its arm. 



Fjk W. 


With respect to tlie distanr*'^ or that through 

which the uir-dischuige takes place, it has been found that it 
18 profortwnal to the amount of tJie charge, and inversely 
jiroportional to the extent of the coatings. Thus, when a jar 
ia half charged, the striking distance is liulf what it is with a 
full choige ; and to keep the same striking distance for a jar of 
twice the size, a double charge is necessary. The lunount of the 
charge is con’ectly enough know'ii b> the number of turns of 
the plate of tlie machine. When great accuracy is w’^anted, the 
outer coating of the insulated jar or battery is made to spark 
into the knob of a small jar, whose outer coating is connected 
with the ground. A Iwdl connected with the outer coating of the 
small jar is fixed so near the knob, that when charged the jar 
clischai^ges itself. Each disdiarge of the small jar measures so 
much electricity fixed on the laige jar ; such a measurer ia 
denominated a unit jar. The action of the unit jar shews us 
that aamaB surface frequently discharged, is equivalent to a 
huge surface once disclnuiged. 
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Sx^mmenti vyith the Leyden Jar or Baitery,^By dischatg^ 
ing the Leyden jar or electric battery through particular 
channels, we obtain some beautiful illustrations of the 
power of electricity. When the discharge is effected through 
thin wires of gold or platinum, the heat accompanying 
its passage is so great as to disRiyjate them in vapour. The 
expansion of the air caused by the spark is shewn by the 
electric mortar This is a wooden mortar with two wires 
entering air-tight at the opposite sides of the breach, with a 
small wooden ball fitting closely in the muzzle. The spark 
passing between these wires in discharge causes a sufficient 
expansion of the air within the mortar to drive the ball to 
some distance off. When the discharge is made through 
gunpowder, it tosses the grains violently about, but causes no 
ignition ; when, however, it is retarded by introducing an 
imperfect conductor, such as a wet string, into the circuit, the 
gunpowder is fired. When the discharge is made through 
glass by two points pressing against its opposite surfaces, a 
small hole is drilled into the glass. To assist in such experi- 
ments, the universal discharger (fig. 50) is used. This consists 



of two arms of brass mounted on glass pillars, so that their 
position and distance can be easily a<ljusted, and of a small 
movable table placed between them, the whole resting on a 
wooden foot When the discharge of a Leyden jar is made 
through a number of individuals, each receives an equally 
powerful shock. The want of insulation here docs not cause 
a loss as when they receive a spark from the machine, for the 
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electricities of . the two coatings have each other, 
ground, for their final termination. 

60. Vdodiy of Electric Dmc^ww^c.— T he rapidity with 
which electric discharge takes place is so great, that we 
might well despair of reaching any definite information about 
it, Wheatstone, by n^gians of a revolving mirror, determined 
its rate of propagation in certain circumstances. A small 
mirror was made to revolve fifty times a second, and the 
refiection of the electric spark was observed in it Any one 
who takes a mirror in bis hand and makes it revolve, sees 
that objects ore a})parently displaced by it, and it admits of 
an easy geometrical demonstration, that the reflected image 
describes an angle the double of that of the mirror. If, while the 
small mirror rotates at this rate, the image of a spark should 
shew a displacement of 90% we know that the mirror has 
moved through 45% and the time during which tliis takes 


place is of ^ of a second. If the duration of the 
spark, then, had been of a second, we sliould have seen 
its image move through 90®. The eye, however, during this 
time would not have been able to discern any difference 
between tlie beginning and the end of th»* spark, so that the 
90® would have appeared as one arc of liglit. Examined in 
this way, however, the spark of a machine and of a Leyden 
jar were seen as if tlie miiTor had been at rest. Thus analysed 
with an apparatus where a duration of ]>art of a second 

would have shewn an arc of 1% the electric spark appears 
instantaneous. The dischivrge of a 

1 1 r ] Leyden jar through a long wire is 

I ^ J not so instantaneous. Wheatstone's 

U *0 £l methesi of finding tliis was as fol- 
h'ws : Six balls (fig. 67) were 
arranged in pairs, each pair being 
*► “ quite near the otMer. The ball 2 was 

jTij, 57 . connected with 3 by a copper wire a 

quarter of a mile in length, so were 
also 4 and 6>-the dotted lines in the figure marking simply 
the connection. Wlien discharge took place, the electri- 
city of the inner coating was communicate to 1, and of the 
outer coating to fi. Supposing charge to travel from the 
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ftiUjor to the outer coating, it would proceed from 1 to 2% 
spark, then by the long copper wire to 3, by 
spark to ^ by the other long wire to 6, and by 
spark to 6. To the eye, the three sparks seemed 
fimultaneous. In the mirror, however, they 
presented the appearance of three arcs of equal 
length, the middle one rather behind the others 
(fig. 68). In this instance, the mirror n^volved 
800 times a second, and the retardation of the middle line 
was about The time, therefore, taken by the discharge 
to travel from 2 to 3, or 6 to 4, a quarter of a mile, was 

4 ^ boi) = T,li.00 to 

288,000 miles per second ; greater than the velocity of light, 
which is only 104,(X)O miles per second. In the same manner, 
it was calculated from the lengths of the arcs, which were 24°, 
that the duration of each spark was of a second. It 

thus appeared that the discharge was a successive one, not, 
at least, as inBtantaue(m8 as through a short conductor. This 
l»rodigioufl velocity is only that of discharge, not that of 
electric action. The I'act of both side-s]>aTk8 occurring at the 
same instant, shews that iinluclion must 
have been fully established along the 
whole line before discharge took, jdace. 

One would imagine, fitnii the dual nature 
of electric force, that the velocity of induc- 
tion must be indefinitely great. 

61. Condenser y the apparatus used in 
conjunction with an clectronKter to 
increase its sensibility, and render it 
available for indicating the presence of 
very feeble electricity. A condenser of the 
simplest form is shewn in the accompany- 
iu8 %• A is a gold-leaf electrometer. 

The condensixig apparatus consists of the 
two brass plates B and C, which are placed 
horizontally, the lower one being connected 
with the metal rod to which the gold leaves are attached, 
and the upper one being provided with on insulating glass 



Fig. 59. 



Fig. 58. 
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handle. These plates are accurately ground, the one to the 
other, BO that when placed upon each other they touch in 
every part Their inner surfaces are covered with a very 
thin and equable layer of shell-lac. When an observation is 
made, the excited body is brought into contact with the 
lower plate, and the finger of the observer is laid upon 
the upper. This being done for a sufficient time, the finger 
is first removed, and tlien the excited body, after which the 
plate, C, is lifted by its handle parallel to the other plate, 
the gold leaves at the same time diverging under the influ- 
ence of the electricity left in the lower plate. The same 
observation might have been made with the positions of the 
flnger and the excited body reversed, but tbe leaves would 
then be charged with tbe opposite electricity to that of the 
excited body. Reverting to the first case, the electricity to be 
tested is communicated to the lower plate in small successive 
charges, which, acting through the thin layer of shell-lac, 
induce, os in the Leyden jar, a corresponding charge of the 
i)pp 08 ite electricity on tlic lower .surface of tlic upper plate, 
and send the similar electricity of the uj)per plate through the 
finger into the gK>und. Each weak cliarge ol‘ electricity given 
to the lower plate is not allowed to disHij>ate, but is kept fixed 
or bound by the corre.sjKmdirig charge of the opposite elec- 
tricity which it ha.s induced on the u]>per plate, so that on 
accumulation of such charges takes ])laci‘. As yet, however, 
there is no excitement visible in tbe gold loaves, the electri- 
city so condensed in tbe plate B being capable of acting only 
in one direction-rviz., towards the t barge of the upper plate. 
W^hen, however, the plate C is removed, the collected elec- 
tricity of the lower plate being no longer restrained to act 
towards it, immediately extends to the leaves below', and 
causes a marked divergence. In this manner, electricity of 
too low a tension to affect immediately the gold leaves can be 
condensed, so as to possess tbe power of doing so. 

It is found that the efficiency of the condenser depends 
upon the accurate grinding of the plates, the thinness and 
evenness of the layer of shell-lac with which their inner sur- 
iaoes are varnished, the size of the plates, and their parallelism 
on removaL This last is of the utmost importance ; and it is 
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Soondy wlieie ntunerical results are wanted, that little depend- 
ence can be placed on the parallelism attained by the hand. 
For more accurate observations, the condenser is made quite 
separate from the electrometer. The plates are in this case 
attached vertically to two wooden pillars, on which they ore 
insulated, and which slide in a horizontal groove made in the 
sole of the instrument The plates, thus guided, by the 
grooves, are made to approach and to retire fi'om each other 
with their faces jmrallel. In a condenser of this description, 
no shell-lac varnish is used, the air Ixiween the plates acting 
as the dielectric in its place. When one of tlie plates is con- 
nected with the knob of the electrometer, tlio observation 
proceeds as already detaiie<l. 

62. Electrophonts , — This generally consists of a tin mould 
filled with bhelblac, and a movable meiul cover, with a glass 
handle, a.s shewn in fig. GO. The 
shell-lac is poured in when melt id, ] 


and it is mixed witli some other 
substance, to make it less brittle. 
Five parts of shell-lac, one of 
wax, and one of Venice turi»eu- 
tine, is given us a good mi.vture. 
When used, the surface of the 
cake of shell-lac is smartly beaten 
with a cat’s fur or foxtail. The 
cover is then put on, and toindied 
with the finger, wiiicli receives a 
slight spark of — E, just before 
contact bikes place ; and after 



a 


the finger is removed, the cover, when lifted by its insulating 
handle, gives a brisk Hjiark of -f- E to anytliing presented 
to it This can l>e repeated for several minutes without 
any apparent exhaustion of the source of electricity ; and in dry 
weather, sparks can be got in this w ay hours, and frequently 
days, after the cake has been beaten. 

The action of the electrophorus may be t^jis accounted for. 
When the suifisce of the cake of shell-loc is beaten, the 
friction excites — E on it This acts inductively all round, 
but the tin mould being the nearest conductor, and shell-lac 
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a good dielectric, the induction becomes concentrated on it, 
-f E becoming fixed on the side next the shell-lac, and 
— E being sent to the ground. The — E of the upper 
surface of the shell-lac is thus fixed by the -I- E of the mould. 
When the cover is put on the cake, the contact between the 
two is not sufficient to allow the latter to communicate its 
charge to the former. The cover is thus acted on inductively, 
not conductively. The ~ E of the cake, then, has the choice 
of two channels for its induction, either through the cake to 
the mould, or through a very thin film of air to the cover. 
The latter, from its offering so short a passage through the 
dielectric, has the preference, and the inductive action of the 
^charge is diverted from the mould to the cover, and the -I- E 
on the other side of the cake is for the time liberated and lost 
in the ground. The cover being strongly polarised, + E is 
induced and fixed on its lower surface, and — E on its upper, 
this lost being transmitted to the ground by the finger. When 
the finger is withdmwu, and then the cover, the -I- E of the 
latter is free to diacluirge itsell'^by Pj)ark, and inductive action 
again takes the direction of the mould, once more attracting 
^ E to it. If the cover be lifted off without being touched, 
no spark can he got from it, as both induced electricities 
again unite. The induced j>olarity of the cover is attended 
with no loss to the charge of the shell-lac, which can thus 
continue to act with the same efficiency. The loss of elec- 
tricity that all charged bodies experience in air, and especially 
when moist, at length discharges the cake, but this takes 
place all the less readily, that when the electricity is not 
needed to act on the cover, it is kept bound by the + E 
induced by it in the mould. In order that the + E of the 
mould should have liberty, so to speak, to come and go, the 
electrophorus must not be insulated ; and when it is so, the 
action on the cover is feeble, if at all perceptible. 
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Atmospheric Electricity. 

63. Lightning (Fr. ^c/air, Ger. Blih ), — Franklin was the first 
to establish the identity of the lightniiig of the heavens with 
the electric spark. By his famous kite ^experiment, he ascer- 
tained that the thunder-cloud assumes nn electric condition 
precisely similar to that of the conductor of an electric 
machine, and that the same mechanical and liyninoos effects 
are common, though in a different degree to both. Clouds 
charged with electricity are called thunder-clouds, and are 
easily known by their peculiarly dark and dense appearance. 
The height of thunder-clouds is uery various : sometimes they 
have been seen as high ivs 25,700 feet, and a thunder-cloud is 
recorded whose height was only 89 feet above the ground. 
According to Arago, there are three kinds of lightning, which 
he names lightning of the first, second, and third classes. 
Lightning of the first class is familiarly known as forked- 
lightning (Fr. ^cUiir en zig-zag). It appears as a broken line 
of light, dense, thin, and well derine<l at the edges. Occa- 
sionally when darting between the clouds and the earth, it 
breaks up near the hitter into two or three forks, and is then 
called bifurcate or trifurcate. The terminations of these 
branches are sometimes several thousand feet from each other. 
On several occasions, the length^f forked-lightning has been 
tried to be got at trigonometiRilly, and the result gave a 
length of several miles. Lightning of the second class is what 
is commonly called sheet-lightning (Ger. Flachenhlitz). It has 
no definite form, but seems to be a great mass of light. It 
has not the intensity of lightning of the first class. Some- 
times it is tinged decidedly red, at other times, blue or violet. 
When it occurs behind a cloud, it lights up its outline only. 
Occasionally, it illumines the world of clouds, and appears 
to come forth from the heart of them. Sheet-lightning is 
very much more frequent than forked-lightning. Lightning 
of the third kind is called ball-lightning (Fr. glohei de feity 
Ger. KugeWlitz), This so-called lightning describes, perhajM^ 
more a meteor, which, on rare occasions, accompanies 
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^ischaxge, or lightning proper, than a phenomenon i#ttee1f 
dectiic. It is said to occnr in this way : Alter a violent 
explosion of lightning, a ball is seen to proceed isom the 
region of the explosion, and to make its way to the 
a curved line like a bomb. When it reaches the ground, it 
either splits up at once, and disappears, or it rebounds like an 
elastic ball several times before doing so. It is described as 
being very dangerous, readily setting hre to the building on 
which it alights ; and a lightning-conductor is no protection 
against it. %11-lightning lasts for several seconds, and, in 
this respect, differs very widely from lightning of the first and 
second classes, which arc, in the strictest sense, momentary. 

The thunder (Fr. ionnerref Ger. Donner) which accompanies 
lightning, as well as the snap attending the electric spark, has 
not yet been satisfactorily accounted for. Both, no doubt, 
arise from a commotion of the air brought about by the 
passage of electricity ; but it is difficult to understand how 
it takes place. Suppose this difficulty cleared, there still 
remains the prolonged rolling of the thunder, and its strange 
rising and falling to account for. The echoes sent between 
the clouds and the earth, or between objects on the earth’s 
surface, may explain this to some extent, but not fully. A 
person in the immediate neighbourhocxl of a flash of light- 
ning hears only one sharp report, which is peculiarly sharp 
when an object is struck by it. A person at a distance hears 
the same report as a prolor^d peal, and persons in different 
situations hear it eadi in Irdifibreiit way. This may he so 
far explained. The path of the lightning may be reckoned 
at one or tw'o miles in length, and each point of the path is 
the origin of a separate sound. Suppose, for the sake of 
simplicity, that the path is a straight line, a person at the 
extremity of this lino must hear a prolonged report ; for 
though the sound originating at each point of the path is 
produced at the same instant, it is some time before the sound 
coming from the more distant points of the line reaches the 
ear. A person near the middle of the line hears the whole 
less prolonged, because he is more equidistant from the diffid- 
ent parts of it Etich listener in this way hears a differei^ 

, according to the position he stands in with reference to 
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the line. On this supposition, however, thunder ought 
begin at its loudest, and gradually die away, because the 
sound comes first from the nearest points, and then from 
points more and more distant. Such, however, it is well 
known, is not the case. Distant thunder at the beginning is 
just audible, and no more ; then it gradually swells into a 
crashing pound, and again grows fainter, till it ceases. The 
rise and fall are not contitiuoup, for the whole peal appears 
to be made up of several successive peals, which rise and fcdl 
as the whole. Some have attempted to account for this 
modulation from the forked form of the lightning, which 
makes so many different centres of sound, at different angles 
wdth each other, the waves coming from which interfere with 
each other, at one time moving in opposite directions, and 
obliterating the sound, at another in the same way, and then 
strengthening the sound, produced by each. Thunder has 
never been heard more than 14 miles from the flash. The 
report of artillerj' has been heard at much greater distances. 
It is said that the o^uinonading at tlie battle of Waterloo was 
heal’d at the town of Creil, in the north of France, about lift 
miles from the field. 

54. Ordinary ]Vtath<ir , — Tlie attention that was first directed 
by Franklin’s discoveiy to the atinuH|dieric electricity, as dis- 
played in the thunder-cloud, has since then been extended to 
the electrical condition of the air in all the different states of 
the weather. It is now found that the air is sensibly elec^ 
,trical not only when the sky is overcast with thunder-clouds, 
but when the weath(;r is dear, or when no thunder-clouds are 
present. The obseivatious of atmospheric electricity, in the 
latter circumstances, are made hy means of very delicate elec- 
troscopes. The«ie iiLstruments are constructed for being used 
either alone in the open air, or in a room, in conjunction with 
an apparatus on the roof of the house for collecting the elec- 
tricity. The following are some of the results derived from 
these observations; When the sky is clear and free from 
clouds, the atmospheric electricity is always positive, and an 
electroscope exjKwed to the action of the air is charged with 
-f E. On the other hand the electricity of the ground is 
found to be — . This was shewn in a very ingenious way by 
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I^lta, who, by catching the fine epray of a fountain on the 
plate of a straw electroscope, found the straws to diverge with 
the — £ communicated to them by the water, which was 
necessarily of the same character as that of the ground. It 
is from this fact that electroscopes, or the collecting apparatus 
connected with them, must not be overtopped by the neigh- 
bouring trees or buildings, the — E of which materially 
affects the indications given, and it is due to the same fact 
that no atmospheric electricity is discovered in the middle of 
a wood, or in a room, however high the ceiling. Under a 
clear sky, the tension of the atmospheric electricity is found 
to increase as we ascend, the lower aerial strata being less 
electrical than the higher. Becquerel proved this by a simple 
experiment on the plateau of Mount St Bernard. On a piece 
of oiled silk he placed a silk thread, covered with tinsel, one 
end of which, terminated by a ring, was connected with the 
rod of a straw electroscope, and the other end was tied to an 
arrow armed with a metul point. When the arrow was shot 
horizontally, the straws shewed no divergence ; but when the 
arrow was shot upwards, they opened as it ascended, and 
diverged most when the arrow, in ascending, disengaged the 
ling from the rod of the electroscope. The same fact is shewn 
in the follo>\ing way : When a very delicate electroscope is 
adjusted for any particular position, it will, when elevated a 
few feet above that position, give indication of + E, and when 
placed a few feet below, it will be charged negatively. In clear 
weather, likewise, the atmospheric electricity is found to be 
subject to certain daily periodical variations, and appears to 
have two maxima and two minima in the course of twenty- 
four hours. The first maximum takes place a short time after 
sunrise, and the second shortly after sunset ; the first minimu m 
shortly before sunrise, and the second in the afternoon, when 
the heat of the day is greatest. The cause of these periodical 
changes is attributed to the formation and condensation of 
watery vapour in the atmosphere ; shortly after sunrise; a vast 
quantity of vapour rises into the lower stratum of the air, and 
acting as a conductor, transmits the electricity of the higher 
strata towards the surface of the earth, giving rise to the first 
maximum. As the heat of the day increases, the air becomes 
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less and less moist, and loses, in consequence, its conducti^ 
power, so that when the atmosphere is hottest and driest, the 
afternoon minimum takes place. After sunset, a rapid con> 
densation occurs, and the lower strata are once more charged 
with moisture, which causes a second maximum at the begin- 
ning of night Before sunrise, the deposition of dew becomes 
greatest, so that the +E of the lower strata is transmitted 
to the soil, causing a minimum at that lime. It seems to 
hold generally that anything which tends to increase the 
conducting power of the lower strata, such as watery 
vapour in a visible form, increases at the same time the 
atmospheric electricity, and hence it is that in time of mist 
the electrical tension is higher than in clear weather. It may 
also be attributed to the same fact that the atmospheric elec- 
tricity is greatest in January, and least in June, the former 
month being cold and misty, and the latter warm and clear. 
In cloudy weather, the electroscope is affected sometimes posi-* 
lively, sometimes negatively, and is generally less influenced 
than in clear weather. The electricity of rain, snow, hail, &c., 
is sometimes positive, sometimes negative. In Stuttgart, for 
instance, it was found in the course of a year that the rain 
was 71 times positive to GO times negative, and the snow 24 
times positive to 6 times negative. 

The cause of atmospheric electricity has given rise to much 
discussiou among meteorologists, and as yet no theory has 
been proposed which satisfactorily accounts for it According 
to Pouillet’s theory, the electricity developed in evaporation 
and vegetation is a sufficicjit cause for the -f E of the 
air ; the vapours and gases evolved in these processes 
being charged positively, the soil and plants, on the other 
hand, negatively. This opinion is combated by more recent 
observers, such as Riess and Reich, who, after a series of 
careful experiments, give it as their opinion that if such be 
the cause of atmospheric electricity, the fact is wholly without 
experimental data. Lament maintains that the air itself is 
not electrical, and is not capable either of. conducting or of 
retaining electricity, and that the phenomenon of atmospheric 
electricity is due to the induction arising from the ~ £ of 
the earth, which he considers to be permanent 
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to. jAghimng*0<mductor$ (Fr. pa/rcUomerre, Qer. BlUzailh 
IdUr ), — ^The principle of the lightning-conductor is, that 
electricity, of two conducting passages, selects the better ; and 
that when it has got a sufficient conducting passage, it is 
disarmed of all destructive energy. If a person holds his 
hand near the prime conductor of a powerful electric machine 
in action, he receives long forked stinging sparks, each of 
which causes a very sensible convulsion in his frame. But 
if he holds in his hand a ball connected with the ground by a 
wire or chain, the above sensation is scarcely, if at all, felt, as 
each spark occurs, for the electricity, now having the ball and 
wire passage to the ground, prefers it to the less conducting 
body. If, instead of a ball, a pointed rod were used, no 
sparks would pass, and no sensation whatever would be felt. 
The point silently discharges the prime conductor, and does 
not allow the electricity to accumulate in it so as to produce 
a spark ; and the quantity passing at a time, even supposing 
the rod disconnected with the ground, is not sufficient to 
affect the nerves. If, for the prime conductor of the machine, 
we substitute the thunder-clouds ; for the body, a building; 
for the convulsive sensation, as the evidence of electric power, 
heating and other destructive effects ; for the ball, or rod, 
and wire, the lightning-conductor, we have the same condi- 
tions exhibited on a larger natural scale. It is easier, however, 
to protect a building from the attacks of lightning than the 
body from the electric spark, as the rod in the one case is a 
much better conductor, compared with the building, than it 
is compared with the body, and in consequence more easily 
diverts the electricity into it. 

The lightning-conductor consists of three parts : the rod, or 
part overtopping the building ; the conductor, or part con- 
necting the rod with the ground ; and the part in the ground. 
The rod is made of a pyramidal or conical form (the latter 
being preferable), &om 8 to 3() feet in height, securely fixed to 
the roof or highest part of the building. Gay-Lussac proposes 
that this rod should consist, for the greater part of its length 
below, of iron ; that it should then be surmoimted by a short 
sharp cone of brass ; and that it should finally end in a fine 
platiniim needle ; the whole being riveted or soldered together. 
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80 as to render perfect the conducting connection of the pig^ 
The difficulty of constructing such a rod has led generc^y to 
the adoption of simple rods of iron or copper, whose points 
are gilt, to keep them from becoming blunt by oxidation. It 
is of the utmost importance that the upper extremity of the 
rod should end in a sharp point, because the sharper the 
point the more is the electrical action of tlie conductor limited 
to the point, and diverted from the rest of the conductor. 
There is thus less danger of the electricity sparking from the 
conductor at the side of the buildihg into the building itaelt 
Were the quantity of the electricity of the clouds not so 
enormous, the pointed rod would prevent a lightning-dischaige 
altogether ; but even q| it is, the violence of the lightning- 
discharge is considerably lessened by the silent discharging- 
power of the point previously taking place. According to 
Eisenlohr, a conical rod, 8 feet in height, ought to have a 
diameter at its base of 13.3 lines, and one of 30 feet a diameter 
of 26.6 lines. 

The part of the lightning-conductor forming the connection 
between the rod and the ground, is generally a prismatic or 
cylindrical rod of iron (the latter being preferable), or a strap 
of copper ; sometimes a rope of iron or copper wire is used. 
Iron wire improves os a conductf.^ when electric currents 
pass through it ; copper wire, in the same circumstances, 
becomes brittle. An iron rope is ranch better, therefore, for 
conducting than a copper one. Galvanised iron is, of all 
materials, the best for conductors. The conducting-rod ought 
to be properly connected with the conical rod either by 
riveting or soldering or both. Here, as at eveiy point of 
juncture, the utmost care must be taken that there is no 
break in the conduction. The conducting-rod is led along 
the roof, and down the outside of the walls, and is kept in its 
powtion by holdfasts fixed in the building. There must be 
no sharp turns in it, but each bend must be made as round as 
possible. Considerable discussion has arisen as to the proper 
thickness for the conducting-rod. If it were too small, it 
would only conduct part of the electricity, and leave the 
building to conduct the rest, and it might be melted by the 
electricity endeavouring to force a passage through it as an 
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iOBufficient conductor. The Paris Commwtm, i^hidi sat in 
1823, gave the minimum section of an iron conductor as u 
square of 16 millimetres (about fths of an inch) in side, and 
this they considered quite sufficient in all circumstances. A 
rod of copper would need to be only ^ths of this, as copper 
conducts electricity aboflt six times more readily than iron. 
This calculation is very generally followed in practice. In 
leading the conductor along the building, it shoiQd be kept 
as much apart as possible from masses of conducting matter 
about the building, such a§ iron beams, machinery, &c. These 
may form a broken chain of conductors communicating with 
the ground, and divert a portion of the electricity from the 
lightning-conductor. If such took p^ce, then at each inter- 
ruption electricity would pass in a visible and dangerous way, 
and the efficacy of the conductor would be lost. If the con- 
ductor cannot be properly insulated from these masses of 
metal, the necessaiy security is got by putting them in con- 
nection with the conductor, so ns to form a part of it. Water- 
inine, leaden roofs, and the like, must, for this reason, all be 
placed in conducting connection with the conductor. 

The portion of the lightning-conductor which is placed on 
the ground is no less worthy of attention than the other two. 
Should the lower part of the conductor end in dry earth, it is 
w'opse than useless, for when the lightning, attracted by the 
prominence and ])oiut of the upper rod, strikes it, it finds, in 
all likelihood, no passage through the unconducting dry earth, 
and, in consequence, strikes off to a part of the groimd where 
it may easily disperse itself and be lost. Wherever it is prac* 
ticable, a lightning-conductor should end in a well or large 
body of water. Water is a good conductor, and having 
various ramifications in the soil, offers the best facility to the 
electricity to become dispersed and harmless in the ground. 
The rod, on reaching the ground, should be led down a foot 
and a half, or two feet, into the soil, and then turned away at 
right angles to the wall from the building in a horizontal 
drain filled with charcoal, for about from 12 to 16 feet, and 
then turned into the well so far that its termination is little 
likely to be left dry. Where a well cannot be made, a hole 
6 inches wide (wider if possible) should be bored* from 9 to 
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16 feet, the rod placed in the middle of it, and the intervening 
space closely packed ivith freshly-heated charcoal The char« 
coal serves the double purpose of keeping the iron from 
rusting, and of leading away the electricity from the rod into 
the ground. 

Lightning-conductors, when constructed with care, have 
been proved beyond a doubt to be a sufficient protection from 
the ravages of lightning. The circle within which a light- 
ning-conductor is found to be efficacious, is very limited. Its 
radius is generally assumed to be twice the height of the rod. 
On large buildings, it is therefore necessary to have several 
rods, one on each prominent pait of the building, aU being 
connected so as to form one conducting system. In ships, a 
rod is placed on every mast, and their connection with the 
sea is established by strips of copper inlaid in the masts, and 
attached below to the metal of or about the keel. 


Chronology of Frictional Electricity. 

66. Thales, about 600 B.C., refers in his writings to the fact 
that amber, when rubbed, attracts light and dry bodies. This 
was the only electric fact known to the ancients. The science 
of electricity dates proj»erly from the year 1600 a.d., when 
Gilbert of Colchester published his celebrated treatise (2^), in 
which he gives a list tf substances which he found to pos- 
sess the same property as amber, and speculates on magnetic 
and electric forces. He is the inventor of the word electri- 
city, w'hich he derived from the Greek word electron^ amber. 
Otto von Guericke, buigomaster of Magdeburg, iii his work • 
Expermienta Nova Magdeburdica (1672), describes, among his 
other mventions, the ibst electric machine ever made, which 
consisted of a globe of sulphur turned by a handle, and rubbed 
by a cloth pressed against it by the hand. Hawksbee (1709) 
constructed a machine in which a glass cylinder, rubbed by 
the dry hand, replaced Guericke’s sulphur globe. Grey and 
Wehler (1729) were the first to transmit electricity from one 
point to another, and to distinguish bodies into conductors 
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and non-condnctors. Dufay (1733 — 1745) shewed the identity 
of electrics and non-conductors, and of non-electrics and 
conductors, and was the first to discover the two kinds of 
electricity, and the fundamental principle which regulates 
their action. Between the years 1733 and 1744, much atten- 
tion was given in Germany to the construction of electric 
machines. Up to this time, notwithstanding the inventions 
of Guericke and Hawksbee, the glass tube rubbed by a piece 
of cloth which Gilbert first introduced, was used in all experi- 
ments. Boze, a professor at Wittenberg, taking the hint from 
Hawksbee’s machine, employed a globe of glass for his machine, 
and furnished it with a prime conductor. Winkler, a pro- 
fessor at Leipsic, was the first to use a fixed cushion in the 
machine. The Leyden jar was (1746) discovered accidentally 
at Leyden by Muschenbroek ; but tlie honour of the discovery 
has'been contested also in favour of Ciineus, a rich burgess of 
that town, and Kleist, canon of the cathedral of Camin, in 
Pomerania. Franklin (1747) shewed the electric conditions of 
the Leyden jar, and (1752) proved the identity of lightning 
and electricity by his famous kite experiment. This last was 
performed with the same object about the same time, and 
quite independently, by Romas of the town of Nerac, in 
France. In 1760, Franklin made the first lightning-conductor. 
Canton, Wilke, and JEpmus (1753 — 1759), examined th0 
nature of induction. Ramsden (1768) was the first to con- 

a t a plate-machine, and Nairn (1780) a two fluid cylinder- 
line. The clectrophorus was invented by Volta in 1775, 
and the condenser by the same electrician in 1782. In 1787, 
Coulomb, by means of his torsion-balance, investigated the 
laws of electric attraction and repulsion. In 1837, Faraday 
^published the first of his researches on induction. Armstrong, 
in 1840, designed his hydro-electric machine. ^ 



GALVANISM. 

57. Galvanism, or Voltaic Electricity, is that branch of the 
science of electricity which treats of the electric currents 
arising from chemical action, more particularly from that 
attending the dissolution of metals. It is sometimes called 
Dynamical Electricity, because it deals with current electricity, 
or electricity in motion, and is thus distinguished from 
Frictional Electricity, which is called Statical, in consequence 
of its investigating the electric condition of bodies in which 
electricity remains insulated or stationary. These terms, 
although in the main thus proj^erly applied, are in all strict- 
ness applicable to both sciences. Frictional electricity, though 
small in quantity, can pass in a sensible current, and galvanic 
electricity, though small in tension, can be made to manifest 
the attractions and rej)ulsions of statical electricity. Thus 
the series of discharges which are transmitted in a wire con- 
necting the pnme conductor of a machine in action with the 
ground, or negative conductor, possesses, though feebly, the 
characteristics of a galvanic current , and the insulated poles 
of a many-celleJ galvanic battery, manifest before the current 
begins the electric tension of the friction machine. The other 
sources of current electricity will be treated under Magneto- 
electricity and Thermo-electricity. 


Action of Galvanic Pair, or Single Cell. 

58. Galvanic or Voltaic Pair . — When two plates of copper 
and amalgamated zinc (zinc whose surface has b^en rubied 
over with mercury) are placed in a vessel (fig. 61) containing 
water to which a small quantity of sulphuric acid has been 
added, so long as they are kept from touching, either within 
or witlmut the liquid, they remain apparently unaffected. If, 
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howerer, they be made to touch, bubbles of hydrogen gas are 
formed in abundance at the copper plate, and their formation 
continues until the plates are again separated. If the contact 
be maintained for some time, and the plates and liquid be 
afterwards examined, it is found that the copper plate weighs 



Fig. 61 . 

exactly the same as before, that the zinc plate has lost in 
weight, and that the liquid contains the lost zinc in solution 
in the form of the sulphate of that metal. The contact need 
not be affected by the plates themselves. If wires of copper, 
or any other conductor of electricity, be soldered to the plates, 
or fixed to them by binding screws, and be made to touch, the 
changes just mentioned take place as if the plates were in con- 
tact. When the wires are thus joined, and, so to speak, form 
one connecting wire between the plates, they exliibit very 
peculiar properties. If a jiortion of the connecting wire be 
placed parallel to a magnetic needle, and the needle brought 
near, its north end no longer points to the magnetic north, 
but to a point either to the cast or west of it, and this devia- 
tion ceases with the sepaia^on of the wires. It is not even 
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necessary that the wires be in contact, for if their ends be put 
into a vessel ccmtaining a conducting liquid, the same changes 
occur, though to a diminished extent, the contact being com- 
pleted through the liquid. The ends of the wires, when so 
immersed, shew strong chemical affinities. If the conducting 
liquid were a solution of the sulphate of copper, the wire from 
the zinc becomes coated with the copper of the solution, whilst 
the other attracts its oxygen and 8ul})huric acid, and wastes 
away in entering into combination with them. Again, if the 
ends of the wires be connected by a small piece of fine platinum 
or iron wire, the passage of the current through it will make 
it red hot. The connecting wires are found, therefore, in 
actual or virtual combination, to possess very marked magnetic, 
chemical, and heating properties. The iurangement just 
described constitutes a galvanic or voltaic paivy which generally 
consists of two dissimilar conducting plates immersed in a liquid 
which acts chemically on one of themy wheii the plates are put in 
conducting connection; and the properties just referred to, 
form the characteristic powers of current electricity. 

69. Effects of tlee Galvanic Padr due to Electricity in Cv/rrent, 
— ^These properties arise from the wires in connection being 
the seat of a constant discharge or flow of electricity, for they 
are possessed, though to a very feeble extent, by the electricity 
of the friction electric machine. If the prime conductor of a 
powerful electric machine be connected with one of the bind- 
ing screws of an insulated galvanometer, and a w’ire connected 
with the ground, or the negative conductor, be fixed into the 
other, the plate on being turned causes a cun’ent of electricity 
to pass from the machine to the ground through the coil 
of the galvanometer, the needle of which will then shew a 
deviation of one or two degrees. The deviation, so far as 
direction is concerned, is the same as that which would be 
produced by placing the wiies coming from the copper and 
zinc respectively in the some binding screws as those con- 
nected wdth the machine and the ground. This would 
indicate that the copper plate stands electrically in the same 
relation to the zinc plate a^ the prime conductor of the 
machine to the ground. The electricity of the conductor is 
positivej and that of the ground by induction negative; so 
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thalb in Hie galvanic pdr the copper plate, by analogy, 
gives 4- E, and the zinc plate — , Again, let the wire 
the machine end in an insulated vessel containing a 
solution of the sulphate of copper, and let the end of a fine 
platinum wire connected with the ground be made to dip 
below the surface of the solution, and let the machine be 
kept in action so as to send a current of electricity through 
the wires and liquid, at the end of some minutes the point of 
the platinum wire will be covered with a minute quantity of 
copper. The wire connected with the zinc in the galvanic 
pair, and that connected with the ground, are thus shewn to 
display the same chemical power ; and this, again, shews us 
that the zinc plate, like the ground in the above experiment, 

^ is the seat of — E. The electric condition of the plates before 
contact reveals, with the aid of the condenser, the presence of 
+ B in the copper plate and — in the zinc plate. If the 
wire joined to the zinc plate be connected with the ground, 
and the insulated wire connected with the copper be made 
to touch the lower plate of a condenser whilst the finger 
touches the upper, on the finger being first withdrawn, then 
the wire and the upper plate lifted up from the lower, the 
leaves of the electuDscope diverge with the + E sent to it from 
the copper plate. 

It can be shewn, moreover, that the current is not confined 
t<^ jbhf connecting wire, for if a magnetic needle be suspended 
b^ween the plates when they lie north and south, slightly 
above the surface of the liquid, it w'ill deviate from its usual 
position when the wires are joined, and in the opposite way to 
that which it shews when held above the udre placed in the 
came direction. The current thus passes within the liquid 
from the zinc to the copper the opposite way to that ip. which 
it runs in the connecting wires, so that it makes a complete 
circuit. Hence wo may conclude, generally, that in ths 
ffolvanic pair a current of electricity mm within the liquid from 
the chemically active to the chemically passive plate, and without 
Ais Uguid, from the chemically passive to the chemically active 
plate, making a complete circuit; and that if the conducting 
connection bejinterrupted, the pair shews electric polarity at 
the interruption, the chemically passive plate hmg the positive 
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poU^ and the themicaUy active pUUe the negative pafe. With 
respect to the liquid, however, the chemical active plate is the 
poMve pole, and the chemically passim the negative pole. 

60. The galvanic pair in action exhibits a complete electric 
drcle or chain, and constitutes what is called a galvanic or 
voltaic circuit (Qer. galvanische Kette). When the circuit in- 
cludes only one pair or cell, it is called a simple galvanic circuit, 
when several joined together altematel 3 \ a compound galvanic 
circuit. The compound circuit will he treated under galvanic 
battery. When the metallic connection between the plates is 
complete, and the current (lows or circulates, the circuit is 
said t6 be chscd (Fr. ferme, Ger. geschlossen ) ; when incomplete, 
and the current stops, opened or interrupted (Fr. interrompu, 
Ger. geiiffitet). 

61. Circuit unth two liquids and one metal . — We have other 
ways of producing a simple galv^anic circuit than by the 
employment of two metals and one liquid as in the galvanic 
pair. Two liquids and one metal can also produce a circuit 
One of the best known arrangements of this kind is Becquerel’s 
so-called oxygen battery (pile d oxygbie), in which a current is 
produced by the action of caustic 
potash on nitric acid — platinum, 
a metal acted upon by neither, 
forming the conducting arc. The 
cell, fig. 62, sliews its mode of 
action. A small cell. A, of porous 
earthenware is suspended by a 
wire triangle -within a glass jar, 

BB. The porous cell contains a 
solution of caustic potash, and 
the glass jar concentrated nitric 
acid. A plate of platinum, P, is 
put into each vessel, to which 
the wires of a galvanometer are 
attached. The potash and nitric acid act on each other in 
the walls of the porous cell, forming saltpetre, and prodtKse 
a current lasting steadily for days, which flow's from tha 
potash to the nitric acid, and ^om the plate in the nitric 
acid through the wires to that in the potash. Oxygen is 
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^ren oSf at the potash plate. The nitric ac|jk plate is 
^ +1 and the potash plate the — pole. A swlar result 
takes place in many cases when the other soluble bases are 
substituted for potash, and another acid for nitric acid, the 
current observing the same direction, though differing in 
intensity. Matteucci substituted penta-sulphide of potassium 
for caustic potash in the inner cell, and put either nitric acid 
or chromic acid in the outer, and thereby produced a much 
stronger current than in Becquercrs arrangement. 

In the preceding circuit, the metal conductor suffers -no 
change, and seems to take no part in the action other than 
acting as conductor. In other circuits with two liquids and 
one metal, the metal takes an active part. A circuit of this 
kind may be formed by putting a solution of chloride of 
sodium (common salt) in the inner cell, and one of chloride of 
copper in the outer cell, in place of pobvsh and nitric acid, and 
bending a strip of copper so as to dip into both. A weak but 
l^dy current flows iu the same direction as before, attended 
the corrosion of the end of the strip immersed in the solu- 
Hoxi of chloride of sodium, and a deposition of crystals of 
bopper on the end dipping into the chloride of copper. In 
' the former case the action appeal’s to arise from the affinity of 
the base for the acid, and in the present case from the affinity 
of the copper for the chlorine of the common salt Other 
.oimuits may be mentioned, such as the circuit consisting of 
two metals and two liquids, and also that of two gases, a metal 
and a liquid. The former of these, which is essentially the 
same as that of two metals and one liquid, and the latter, 
which is known as the gas-battery, will be described under the 
various forms of the galvanic hatteiy. 

62. The theory of the action of the galvanic pair may be thus 
given. When the two plates are put into the water and 
sulphuric acid they assume opposite electric states. There 
is developed at tlie surface of the zinc an electric force, 
axising from its affinity for the oxygen of the water, 
'ajiich throws the whole arrangement into a state o£ 
polarity. This is roughly shewn in fig. 63. The zine 
plate with its wire becomes polarised, shewing — E at 
tiie extremity furthest from the liquid, and E at 
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tlie extremity next the liquid. The copper plttU wit^ 
its wire is polarised in the opposite way, being 4- at its 
outer end, and ~ at its end next the liquid. The compound 



molecules of water (II^.O), consistin <7 of one atom of oxygen (0) 
and two of hydrogen (Ho) so united as to play the part of one 
atom or molecule (shewn by II in the figure). It appears, 
moreover, to have reference to Iheu cojnpound nature, and we 
may imagine lliein placed in series such as the one in the 
figure, with their oxygen or — pole towards the zinc, and 
their hydrogen or + pole towaixls the copper. Tlie + parts 
are distinguislied from the — parts in the figure by l>eing 
shaded. When the ends of the wires arc brought near each 
other, we might anticipxte in these circumstances that a 
ppark discharge, as with frictional electricity, would restore 
quiescence. This, how'ever, is not the case, for the (dectric 
tension is so low that nothing short of contact can effect a dis- 
chai^^e. When the discharge thus takes place, the jiolarity of 
the circuit for the instant ceastis ; the tendency to union of the 
zinc with the atom of oxygen next it is completed by 
formatiou of the oxide of zinc. But in order to accomplish 
this, the hydrogen of the molecule of w^ater next the zinc thua 
set free unites with the oxygen of the neighbouring molecule 
to xe-fonn water, and same transference and union is 

* M 
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contmued along the whole Beries until the hj^drogen of the 
molecule next the copper is thrown on the copper, where, 
l^ing unable to unite chemically with it, it assumes its natural 
gaseous state. In this way the chemical action, although only 
manifested at the plates, is not confined to them, but takes 
place throughout the liquid bet^veen all the contiguous mole- 
cules giving passage to the current. The oxide of zinc formed 
on the zinc plate is instantly dissolved by the sulphuric acid 
present in the water, leAving the plate as clean as before. 
After the first discharge, therefore, the whole arrangement 
resumes its first condition, so that a second polaiisation and 
discharge instantly follows, wdiich is succeeded by a third, and 
BO on. An uninterrupted series of discharges, iollowing each 
other with inconceivable rapidity, is thus transmitted along the 
completed circuit, constituting what is termed a current of 
electricity. 

For the sake of simplicity, w’o have here looked upon the 
water as the active chemical agent in the galvanic pair. Pure 
water, no doubt, does jiroduce a eiirnait wlum so placed, hut of 
excessively feeble intensity. It is only wbeu sulphuric acid 
is added that the current necpiires anything like strength. 
Hence it is thought more probable that it is the sidphuric 
acid which gives rise to the action, ajj<l that the water serves 
to dissolve the sulphate of zinc formed on the zinc plate, both 
water and sulphuric acid being necessary to steady action. 
According to this viewr, we best understand the action of 
sulphuric acid by considering the niouo-hydrated acid, 
H,0,SOs, to be H 2 SO 4 , composed of a two-atom molecule of 
hydrogen and a molecule of sulphion, SO4, consisting of* 
one atom of sulphur and four of oxy gen. In the preceding 
diagram, we have oiJy to suppose the simple molecule 
marked 0 to be a compound molecule, SO4, and we have an 
equally simple and more probable view of the action of the 
pair. We may express these views also conveniently by 
equations representing each molecule by its chemical symboL 
Acbording to the first, befor e disc haige they would he thus 
arran ged, Zp, O H^ OH^ OH, OHj, Cu ; after discharge, thua^ 
15 pO Hj|0 HjO Hg,Cu ; the strokes above shewing him 
tibej aiP uniM in each case. According to the teoand yhmi 
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before diacharge , Zn, § 04, 1C 804^ 1^ <^04tH2 S04,H2, Ou j 
after discharge, Zn,804 HjjSOi H2,S04 Ha,Cu. 

63 . Homogemity of the Circuit. — In a wire whei'e a cuwent 
of electricity is circulating, there is no point which forms, as 
in frictional electricity, the seat of 4. or — E, hut it appears 
electrically homogeneous tlirouglunit. It exerts no statical 
inductive action on surrounding i^hjects ; that is, it has no 
power, like insulated electricity, to attiact and repel light 
objects. The wire in whieli the current is pitssing may be 
handled, and it feels in no wav diHereiit when the current is 
passing and when it is not. Tlic absence of statical induction, 
however, depends sdledy «iii the faeilily which the wire offers 
to the passage of the electric force as conipareil with sur- 
rounding media, as is shewn by the leaping across of the 
frictional eleciricity at the beinl of the wire mentioned iu 
iirticle 34, fig. 3i?. (Jalvanic eh'ctricity, even from a large bat- 
tery, however, can sehUm do this, and except iu long telegraphic 
circuits, where the re.sistance is very great, docilely follows its 
metallic passage, to it by far the easiest. But even in the 
divided circuit oi‘ tig. 3S, if the force passing through the air 
and the long wire l>e added tog»-tlier, it will be found exactly 
e(j[ual in uinouiit to that passing in the wires before the 
branching takes jilace. lletiiruiiig to the simple galvanic 
circuit, we find that it e.xlubit^ the same amount of force ut 
every point. Its magnetic, chemical, and heating effects are 
the same wheri‘\a*r it is teste<l, whether in the wire or, where 
possible, in the litpiid. Its jxnver to deflect the inagnetio 
needle is throughout the sann?. If interruptions be made ia 
the inteqjolar xvdre at several points so as to send tln^ currenit 
through solutions, say of sulphab* of copper, the amount 
copi)er deposited at each of the breaks is exactly equ.d in 
amount. And if we connect the several l>reaks by pieces of 
thin platinum wire, each piece of platinum wire 'will be 
raised to the same tein])e.rature. 

64 . Polarity of tJie Circuit. — Any prirtion of the ciren^ 
eeparately considered, has a different pole at each end. When 
one interruption is made, as in fig. 63, the whole, from the 
extremity of the wire connected with the copper, round to 
that of ihe wiie joined to the zinc, may be looked upon^ aa 
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0 I 1 & It may be sbewn by the condensing electroscope (51) 
that each extremity has an opposite electricity. If we break 
away any portion of either wire so as to have two breaks 
instead of one, the piece of wire broken away is out of the 
circuit altogether. However, by dipping the ends of the 
wires at each interruption into a liquid that is decomposed 


2 





under the current, we have the means 
of making two such interruptions 
without destroying the conducting 
connection or stopping the current. 
Fig. 64 shews how this may be done 
A and B are two vessels filled with a 
solution of sulphate of copper (Cu,S 04 ). 
The end of the copper wire soldered 
to the zinc-plate Z of the galvanic 
pair CZ dips into A, that from the 


copper-plate C dips into B, and the 


ends of the wire hroken off dip the one into A and the other 


into B. The circuit is thus closed. In it we have three 


metallic parts marked 1, 2, and 3. The })art 1, which is 
made up of the zinc-plate and copper-wire, is corroded at the 
end marked + in the liquid of the galvanic pair, imd receives 
a deposit of copper at the end marked — . The part 2 wastes 
away at the -f end in A, but receives a deposit of copper at 
the — end in B ; and the part 3 is likewise corroded at the + 
end in B, and receives, so to speak, a deposit of hydrogen at 
the — end in the liquid of the pair. Each part uudeigoes 


opposite operations at each end. We know (59) that the wire 
from the zinc is — , that from the copper -f ; and as we thus 


know the sign of two oj>po8ite poles, the others follow of 


course. Each + pole is here eaten aw’uy, and each — pole 
receives a deposit of copper. Each metallic portion of the 
circuit has a •¥ pole at the one end and a — pole at the other. 
The polarity of tlie cuirent we should not expect to be the 
sapie as the polarity of insulated frictional electricity, for 
the latter is that tending to discharge, whereas the former is 
that attending discharge ; the one is, so to speak, statical, 
other dynamical Yet, in the case of galvanic polarity, 
we may trace the existence of sometliiug aualogoas to the 



▲CnOK 07 GALTAKIO PAIR, OR 8IVGX>R ORXii;.. 117 

attraction and repukion chaxacterislio of statical polarity* 
Snlphnric acid, as abeady stated ( 62 ), k made np of a 
two-atom molecule of hydrogen (Hj), and a molecule of sulphion 
(SO4). Similarly, sulphate of copper (CujSO^) is composed 
of a molecule of copper (Cu) and t>ne of sulphion (SO4). Tho 
corrosion of the + poles arises in the above circuit to their 
affinity or attraction for SO4. Th(‘y appear to attract the ’ 
molecule SO4 of the eomhination 0a,S04 and Hg,S04, 
reject the Cu and the Ilg. The — poles have these af&ni^ 
ties reversed. If we consider the SO4 to be the — ele- 
ment of tho conibiiiation, mid H., and Cu the +, which 
cannot be othendse, we have like electricities rq^elling 
and unlike electricities attracting, as in frictional or shttical 
electricity. Such being the case, the liquid portions of tho 
circuit, like tho solid, aye -i- at the one end and — at the other, 
but in the reverse way. The circuit, therefore, is made up 
throughout of + follownng — , and — following +. Consider- 
able confusion sometimes arises from speiiking of tlie zinc plate 
as at once the -H element and — pole, and the copper the — 
element and -1- pole of the galvanic ])air, and such expressions 
seem even incon.<isteut. The truth is, that the zinc and copper 
plates must have (‘ach both poles from the very nature of the 
circuit ; but as tlie outer poles only of these plates are of 
practical importance, these are considered to be the poles. 
If we need a mnenu aiic, the n in zinc, which is almost always 
associated in the pair as the -h element, cannot ’fail to remind 
us that it is the — pole. 

65 . Theoretical Vieios of the Current. — According to the one- 
fluid theory of electricity, a force is developed at the seat of 
the action, which has the power of liberating the electric fluid, 
and of maintaining it in motion throughout the circuit, con- 
stituting a cuiTent in the true sense of the term. According 
to the two-fluid theory, two such currents, one of the 4- 
the other of the — fluid, are made to mt)vo in opposite 
directions throughout the circuit. Neither of these explan** 
tions gives us any assistance in comprehending the current It 
is more difficult, in fact, to conceive of such currents than tn 
accept, without any explanation, the known characteristics of 
the so-called eazrent According to the views taken of the 
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propogaiiion of electric force by molecular action (32 and 3 ^^ 
we may consider the molecules of the interpolar wire to be as 
shewn in tig. 65, C being the copper end and Z the zinc end, 

the shaded parts being + and 
the unshaded — The first 
effort of the electric force 
developed by the chemical 
alBnity of the zinc for the O 
( or SO 4 , is to throw all the 
molecules of the circuit into 
a i»olar condition, the force 
being transmitted from mole- 
cule molecule in both directions. + and — electricities 
appear in each molecule of the circuit ; and if the action be 
powerful enough, discharge takes place throughf)ut the whole, 
«ach molecule giving out its electricities to those next it, 
which, throwing out the opposite electricities, produce electric 
quiescence throughout. A constant series of such i>olari 8 ations 
and discharges constitutes a current. There is thus only a 
transmission of force throughout the circuit, hut no transmis- 
sion of the and — electricities. Each molecule, in fact, 
may be looked upon as a small galvanic pair, which, by the 
action of electric force, is nuide to act and discharge somewhat 
like the galvanic pair, which is the seat of the force. Accord- 
ingly, whatever portion of the circuit without the liquid we 
take, such as that in the figure, we find the face of the terminal 
molecule next the copper end or ptde — , and that of the like 
molecule towards the zinc +. Each portion of the circuit, 
like each molecule of which it is made up, shews opposite 
polarities, and discharges opposite electricities at each end. 
The same holds within the liquid, only the chemical affinity 
that gives rise to the current and the mobility of its molecules, 
causes and permits an interchange of molecules, just as if each 
half of the molecules in fig. 65 were at each discharge joined 
to the succeeding one. This interchange is not possible, even 
were there a tendency to it in the solid part of the circuit. 

A current may be taken to signify, apart from all suppo- 
situm, simply the peculiar electric condition of the conductor, 
which form the line of discharge between a -h and a — 
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$ouree of electricUy. In like manner, when we ep^ ol the 
direction of the current, we only use a convenient way of 
i^hewing at which end the + and — electricities arise, the 
current beiny always represented as movitiy from the + to the — . 

66. Origin of Galvanic Eh'ctrkity . — It is now generally 
admitted that the electro- motive forccy or force maintaining 
the current, in the galvanic pair, is the force of chemical 
affinity acting at the zinc ]>late. It must appear, even 
the most cursory observer, highly probable that the seat oi 
the most active change going forward in the pair is likewise 
the seat of it^^ electric energy. It is found, moreover, 
when we tax tlie galvanic current with electro-chemical or 
dynamical work, that the amount of work done by it liracactly 
proportionate to the quantity of zinc dissolved. These and 
similar cc)nsi<l(Tatious seem to argue strongly that galvanic 
action has its source in chemical action. Volta, however, and 
several of the most eminent authorities in tlie science, maintain 
that the electro-motive force has its seat at the surface of 
contact of lieterog(jiieous metals, and that chemical action is not 
the ciiuse, but the mauifcstatioii of it. This view of the origin 
of galvanic elec tii city is calleil tln^ contact theory y os distin- 
guished from tlie chemical thcorijy the mic we have hitherto 
followed. 

07. The Contact Theory supposes that at the surfaces of con- 
tact of two hetcrog<>rie»)Us .siihstances an electro-motive force, 
invariable in direction and amount, is generated, find subject 
to modification only by the resistance oflered by the conducting 
circuit. The galvanic pair (fig. 61) is accounted for by this 
tlieory in the following way. Let us suppose, for the sake of 
explanation, that both zinc and copper plates arc connected 
by copper wires. The seat of electro-motive force is at the 
junction of the copper 'Aire wuth the zinc. At this point the 
two metals assume opj>osite electricities, tlie copper the — , 
and the zinc the -t- ; and since a conducting circuit tlirough 
wires, plates, and liquid is established, these electiicit^ 
travel in opposite directions, and, meeting, neutralise each 
other within the liquid, to give place to succeeding sim^r 
discharges of electricity. The discharge within the liquid 
takes place electrolytkally. The theory is, in this ease, 
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sufficient and consistent ; but it must be kept in mind, that in 
a circuit so perfectly homogeneous, the source of force may be 
placed anywhere without altering its conditions. The funda- 
mental evidence of the contact theoiy consists in an experi- 
ment like the following : A piece of zinc is made to touch the 
lower brass or copper plate of a condenser, while the finger 
rests on the upper. After the finger and the zinc are removed, 
and the upper plate lifted, the gold leaves di\^erge with — E. 
Here the mere contact of metals ap]:>ear8 to give rise to elec- 
tricity. The 4- E of the zinc goes to the ground, and the 
— E of the copper is insulated in it, the electro-motive force 
originating at the surface, wdiere the copper and zinc meet. 
If thi<0Oxperiment were capable only of this interpretation, 
it would be decisive of the question at issue. It is foun<l, 
hdwever, that in ordtsr to succeed well with it the fingers 
iQiHiit be moist, and that no electricity can be obtained if it 
conducted in a gas wlierc no free oxygen is i>reRent — such 
at nitrogen or carbonic acid. Hence it appears, that even 
ia' t3i6 testing experiment of the contact theory, where it is 
imposed that contact alone can give any explanation, chemi- 
cd Action, arising from the sweat of the fingers and oxygen 
of the air acting on the zinc, is j)resent. 

68. Faraday’s experimental re8r*arches seem to place beyond 
dispute the truth of the chemical theory. We shall here quote 
two of his many bciuiiiful experiments illustrative of the 
subject, which are of themselves quite convincing. Let 

(fig. 66) A and B be tw^o 
glass vessels contain- 
ing sulphuret of potas- 
sium. Two platinum 
l>lates, P and P', are 
put into the vessel A, 
and an iron plate F, 
with a platinum plc^ 
P" in B. To 
platinum plate P'/A 
platinum wire p, .401} 
to the iron plate F an 
iron wire /, are attached. From P and P", wires proceed to the 



rig. 66. 
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galvanometer G. The sulphiiret of potassium is, for a liquid, 
a good conductor of electricity, but is chemically inactive 
when associated with platinum and iron in a circuit. When 
the wires p and / are joined, if an electro-motive force were 
d(iveloped at their surface of contact, all the conditions neces- 
sary for a circuit being present, a current would be generated, 
which would deflect the nmlle of the galvanometer. This 
lust, however, gives not the slightest evidence of a current. 
If zinc bo iiiUTposed at the junction ofp and /, the galvano*- " 
meter is equally uiuiftbcted ; b\it if a piece of paper moistened 
with sulphuric acid be j»laced between the ends of these 
wires, a dechled deflection ensues, and the iron becomes the 
positive ehauent of a platinum-iron pair. We hav^^^thus 
conclusive evidenc-e, that the simple contact of the iron and * 
the platinum is unattended by electro-motive force, and that 
this is developed only by the chemical action upon the iXKp 
of an interiiosed liiiuid. Again, into one of the vessels 
referred to, let two plates, one of copper, the other of sijbl^; 
be placed, and let coninmnicatiou be established 
them and the galvanometer. Tlie needle at first deflects 
briskly in a direction wiiich shews that the copper is the 
-b element of the pair, it then gradually returns to its 
first position, and again deflects in the O])posite direction, 
shewing that the silvaT is now' !he element. After 
some time it returns, and again deflects in the original direc- 
tion, and goes on thus changing. If tlie plates be examined 
during these ( hanges, it is observed that sulphuret of copper 
is fu lined when the copper is and sulphuret of silver 
when the silver is -f ; the alternate action being attri- 
butable to the relative condition of the plates when coated 
with their sulpliurets. The electro-motive force of a silver 
copper pair is thus shew'ii to be not invariable in direction as 
the contact theorists maintain ; but to change its direction 
W'ith the scat of chemical action. 

09. Chemical conditions of the Galvanic Pair . — We have 
hitherto supposed that, in the galvanic pair, the zinc alone 
bad affinity for the oxygen of the water, but chemistry teaches 
us that copper likewise has the same affinity, though to a less 
degree. Hence we must conclude that there originates at the 
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copper an electro-motive force acting contrary to that of the 
2inc, and that the electro-motive force of the pair is the 
difference of these opix^sing forces. Were we to take two 
similar plates of zinc, instead of one of zinc, and the other 
of copper, we should thus have two equal forces tending to 
propel two equal currents in opposite directions. In this case 
the two forces would equilibrate each other, and electrical 
and chemical inaction would be the consequence, a conclusion 
quite in keeping with experiment. It therefore becomes 
necessary to couple the zinc with a metal such as copper, less 
oxidable than itself. In beeping with this theory, it is found 
tliat if the zinc he coupled wdth a metal less oxidable still 
than copper, the resultant electro-inotiv(‘. force is increased. 
A pair consisting of zinc and silver gives an electricity of 
higher tension, and consequently a more powerful current 
than one of zinc and copper, an<l one of zinc and platinum a 
stronger current still ; silver being less oxidable than copper, 
and platinum less than silver. The greater, then, the disparity 
in oxidahility, or in liability to be atlected by tlie exciting 
liquid of the metals of the pair, the greater is its power. 

70. Electro^chcmical Order of the Elements ((ler. on the contact 
theory, Spannungsreihe ). — In the galvanic cell we find that not 
only the metals, hut also the elements, of the liquid assume 
opposite electricities. Within the liquid the zinc is -f- and 
the copper — , the oxygen -f jind the hydrogen — . The 
elements have been arrangt‘d electro-cbeinically approximately 
to the part they ]day if associate<l in tlie galvanic pair. We 
may here give the more common elements tlnis arranged, 
beginning with the most electro-positive, and ending with the 
least positive or negative— the arrow marking the direction 
of the current within the cell. 





Tlie relative Size of the plates associated in pairs does not 
alter the seat of action, or change the direction of the 
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current. Suppose from this table we wished to find the 
action of a platinum-iron pair immersed in hydrochloiic 
acid. Iron is + to platinum, and hydrogen -f to chlorine. 
Chlorine, the negative element of the liquid, would accord- 
ingly be discharged at the electro-positive iron, and ferrous 
chloride (FeCb) would be formed. The electro-positive 
hydrogen would be diseiigagetl at the electro-negative 
platinum. Tlie interpolar curr«3nt, consequently, proceeds 
from the platinum to tin* iron. If. however, no chemical 
aftiuity existed between iron and chlorine, no electricity 
would be geiieratcil, as chemical is essential to galvanic action. 
From such a list alone we cannot predict the result of any 
proposed combination. The metals themselves, as wt have 
already seen, frequently change their relative positions, 
according to the action of the liquid in which tiny are put, so 
that the order given is by no means absolute. The aixange- 
ment of the mebils in the foregoing table is according to their 
action in dilute acids. In ditferent liquids or solutions metals 
frequently alter their mutual relations. Thus, in dilute 
sulphuric acid, silvtT is — teward*? lead ; hut in a solution of 
cyanide of potassium, -h towards it. In a solution of commou 
salt or potash, iron is -f, co]>per — ; in ammonia, iron is —, 
and copper -f . 

71. The Nefjdtire ^yrofrcted hj me Positive Plate — Local 
Action. — The ehctrD-Hfgative plate remains in presence of the 
electro-positive tulally unatl'ected, and more so than if it were 
placed by itself in the exciting licpiid. Ilydrocldoric acid, for 
instance, readily attacks iron ; but if a j)iece of zinc be put 
into the liquid, and be made to touch it, the iron will remain 
untouched until Iht* zinc has been first dissolved. Wherever, 
therefore, iron is exposed to corrosive action, it may he pro- 
tected from it by coupling it with zinc. This accounts, in 
some degree, for the durability of iron coated with zinc, or, as 
it is called, ‘ Galvanised Iron.’ In the same way zinc protects 
copper from corrosive action. Davy found in his experiments 
to protect the copper sheathing of ships from the action of sea- 
water, that a plate of zinc protected 150 times its own surface 
of copper, when attached to the copjier below water. A 
sheathing so protected sulfered no corrosion, but lost for that 
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very reason its efficiency, as marine shell-fisli and vegetables, 
finding it harmless, clung to it, and impeded the motion of the 
ship. On the other hand, zinc corrodes more readily in 
presence of a metal relatively negative to %, and hence, for 
example, the necessity for using zinc nails for zinc roofs 
instead of iron or copper nails. When pure zinc is put into 
dilute sulphuric acid, almost no change is visible, whilst 
ordinary commercial zinc is rapidly dissolved by it. This 
arises, in all probability, from different portions of the latter 
standing in different electric relations, arising from the 
heterogeneous structure introduced by extraneous substances. 
Galvanic pairs are thus established within the metal, and it 
dissolves in consequence. If the zinc plate of the pair were 
not amalgamated, local action would for this reason take 
place in it, which, as it contributed nothing to the circuit 
current, would produce a useless Wiiste of the metal. When 
the plate is amalgamated, it becomes more 4- than before, 
and only dissolves wdien the circuit is closed. 

72. Quantity and Tension of tlie Electricity of a Current — The 
quantity of the electricity passing in a current, or tlic strength 
of the current (Fr. Intensitey Ger. Stromstdrlce)^ is estimated 
by the pow’er of the current to deflect the magnetic 
needle, hy the chemical decomj)osition it effects, or by the 
temperature to which it raises a wdre of given thickness 
and material. The strength of the current must not be 
confounded with the strength of the cell or battery which 
gives rise to it. A battery of 100 cells is undoubtedly a 
stronger electric arrangement th.an one cell, yet, in certain cir- 
cumstances, the one cell will give rise to as strong a current as 
the 100. The force of llie battery, sometimes called the 
tension of the current, is the power wdiich it has to transmit 
a current against resistance such as that offered hy a bad, long, 
or thin conductor. Tension, strictly speaking, is not a property 
of the current, hut of the battery which generates the current ; 
it is a statical property (36), and is exhibited (59) by the insulated 
poles of the battery. A current of high tension is one which 
is maintained by a battery whose poles exhibit high tensiom 
The tension of its poles is a measure of the electro-motive 
force of the electromotor (i. e., any arrangement such as a cell 
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or battery which generates a current, sometimes also rheo- 
motor). By electro-motive force is understood the power to 
keep electricity in motion, or to maintain a current against^ 
resistance. The electro-motive force of any cell or battery 
may be measured before the circuit is closed, by connectLi% 
the zinc w'ire or — pole with the ground, and the insidated 
copper wire or -f- pole w^th a condensing electrometer, and 
observing the amount of statical tension — ^i. e., attection or 
repulsion j)roduced. The tension so measured gives the 
power of the arrangement to propagate electricity. When 
the circuit is closed, the electro-motive force is ascertained, 
as already mentioned, by introducing new resistance into the 
circuit, and observing the effect produced on the strength of 
the current. Tlie electro-motive force of the pair is proportional 
to the intensity of chemical affinity^ or the force tending to 
chemical action^ the current strength to the amount of this action 
or quantity of zinc dissolved in a given time^ and the resistance 
is that which prevents the former from developing the latter. 
Tension, when high, is also measured by the length of the 
spark. 

73. Greatest current that an eketromotor can he made to give, 
— The maximum current which any electromotor can give, 
is found by connecting the poles by a very good conductor, such 
Jis a short thick wire of coj)per, and observing the effect of this 
wire upon a needle. greater the strength of the current 

is, the greater is tlie dtdlection of tlie needle. Chemical action 
and heating power caniud heu-e he used as tests of strength, 
as, in order to juuduc-e these, considerable resistance must be 
placed in the circuit, which materially lessens the strength 
of the current. The iiiaxiiiium current which a galvanic pair 
can give is proportional to its surface. By doubling the size 
of the plates, we double the amount of current, provided, of 
course, the interpolar wire offers little or no resistance. The 
maximum current liere spoken of has reference to the cell 
as we find it. It may be possible to improve its internal 
arrangement, hut that is here considered fixed. The electro- 
motive force is not affected by the size of the plates, hut, as wo 
shall afterwards find, by the number of pairs. Suppose, in 
illustration of what has been said, we had two pairs, one a 
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zinc-copper and the other a zinc-platinum, and that both 
gave the same maximum current. If the intei’polar connec- 
tion be then made by a long thin vire, the current which 
each gives tvill fall off, but that of the zinc-copper pair more 
than the other. This would be generally expressed by saying 
that both pairs were of the same <|uantity, but of different 
tension, the ziuc-j)latinuiu pair being in that respect the 
stronger. ^ - 

74. If an electric current be what w’C liave siip]>osed it to 
be, a scries of molecules, ra]»idly discharging into each other, 
we must form the following ideas of its quantity and tension. 
If the series of cjdinders shewn in fig. 35 wau'e the niodiuin of 
discharge between an electric luachine and the ground, we 
should see sparks occurring at tin,* small intervals bidween each 
at a certain rate. If the machine by any means were made 
to furnish twice as much electricity as at first, the spark 
would occur twice as quick. Or it, wlaui the niachiue was 
givingoll'a double cliarge, we had two seiies of cylinders instead 
of one, the sparks would follow each other at tlie same rate as 
at first. Two .s(*rio.s diseliarging at a certain lute do the same as 
one series discharging twice as quic.k. Similarly, any number 
of series would discharge the same amount of electricity as 
one, provid(‘d tlu^ ra]>idily ol dischai'ge of the latter were 
proportionally greater. A wire may he looked upon as 
several series of nidlecules [)lacod side hy side, and molecules, 
according to our theory, stand to each other much in the same 
relation as the cylinders just named. At'cordiiigly, we must 
expect lliat a thin wire can produce as strong a current as a 
thick wire, provided its molecules discharge as much faster 
than those of the thick wire, as the section of the thick wire 
is greater than that of the thin vire. The strength of the 
current in this way depends on the iiumher of molecules in 
the section of the wire, and tlu‘ nuiiiher of times they discharge 
in a given time. In statical electiicity, we found that tho 
quantity was got by multiplying the number of molecules or 
surface affected, by the tension or force lodged in each. In 
current electricity, we* get the quantity much in the same 
way, by multiplying all the molecules in the section of the 
wire by the number of times they discharge in a given time. 
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Rapidity of discharge in the latter is e^piivalent to tension in 
the former. Whenever, in tlic former, the electric force con- 
centrates, the tension rises; in the latter, the rapidity of 
dischai'ge is increased. The electro-motive force arising from 
the intensity of ohenii<’al attinity is not inci eased by enlarging 
the plates, as the uthnity is tin* sann* in a large as in a small 
plate. Large ]'lates, lu)Wt‘Aer, by inelnding a larger section of 
liquid, le^^^en the resi'^tain’e w^tliiii tiu* c- ’biviid thus far aid 
the develujiiueiit c»f chenii'Ml u' licoi. 

Und»'r the Mine elin iro-nii>u\ e ii»ree, tlu rapidity of dis- 
rliarge is h»ri»e<l 'when tlie <i*nnecting -wiie is long, but 
accelerated \\h»-n ii i." thick. Ti»e re.-iMance oiho'cd by a long 
series of iuoh c»'.l murt lu- the '-um ot the re'i'^tances ottered 
by each one; lunce. the huiger th.e series, iho greater the 
ri'sistance. Again, one series can convey a unlaiu amount 
of electrieity nuh a certain facilily; ani>lher series will 
convey as nmcli with tlie same*; the two will convey twice 
as iiiuch eh'ctricil v as eji'^ily as one series conveNs tlie original 
amount. Or if one be imuht t(» eoavey as mncli as two, its 
molecules must di^ harg<> tvvic(‘ u< l.ist ; and having twice the 
work to <lo in tlie same time, will oiler twice the* rosistanro. 
Hence, the moie s.inswe have, or the thicker the wire, the 
better does it c(tndu.‘t. 

To. Cl nil pari Si >ii >>/ tJo- Eh >'tric Ma-hiiir ami thr fialraiur Jhjir. 
— The followiiiLT e\]M i -nxMit illu-tiates the relative charac- 
teristics of galvanic and fiictimial i*!ei'tricity. A Winter's 
electric nia<‘hine, su. h tin* two-fo^t ]>latc descril»ed in 
article 45, gi\es readily, when in goo<l order, a spark of 
twelve inches, and cuuncs a vi'^ihle distui hance of thi^ leaves 
of an electrometer at a di-'taiice of twenty feet frmn it. If 
such a machine be made to send a current throUL’h a 
moderately sensible galvanometer in the way describe I in 
article 5i), it will make ihe iiecille deflect one nr two 
degrees. If a galvanic, pair be connected with the same 
galvanometer, consisting of very fine iron and cojiper w lo s 
about an eightieth of an inch in diameter, immersed for ahont 
an inch, into a few ounces of water containing one drop of 
Bulphuric acid, the needle will deflect three or four times 
what it did befoi*e. The electricity of the current produced 
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in the diminutive pair is greater in quantitj than that of the 
machine, but its tension is immeasurably smaller. Should a 
break be made in the circuit, the power of the terminal poles 
to attract or repel is almost infinitesimal, and discharge 
between them through the air cannot be effected even at a 
microscopic distance. Faraday has calculated that a wire of 
platinum and one of zinc, of on inch thick, immersed 
fths of an inch in water containing sulphuric acid in the 
proportion of one drop to four ounces, will produce in three 
seconds as great a quantity of electricity as thirty turns of a 
fifty-inch plate-macliiiio. 

There seems to be something discordant in the results here 
obtained. The electro-motive force of the machine, as shewn 
tension, appears to he enormous, and yet, with almost 
■ no resistance, it barely produces a current. Tlie force of the 
■pair seems to be low, and yet the resulting current is very 
strong. This arises from the relative conditions of both being 
entirely different. In the galvanic pair, n(.> matter how small 
it be, before an iiifinitely small circuit-resistance it would 
produce an infinitely strong current. Now, in the machine 
the quantity of electricity given off ap)>ears to be unaffected 
by the circuit-resistance. The conditions of both we might 
picture to ourselves in this way. 8u]ipose we had an electric 
machine turned by a descending weight, and that somehow 
or other the resistance of the circuit, the ouly resistance in the 
case, was yoked to the plate, one lum of which always gave 
the same quantity of electricity to form the current ; with a 
small circuit-resistance the weight would descend quickly, 
and the rapid rotation of the plate would give rise to a strong 
current; with a large resistance, the reverse would be the 
case. If the weight, which may be taken as the electro-motive 
force, were free to descend, the rapidity of rotation and amount 
of current would depend entirely on the resistance of the 
circuit. Here, if the weight were of moderate size, we would 
have the conditions similar to those of the pair. If the weight 
were enormous, but from some cause descended very slowly, 
it would turn the plate against any resistance, however great. 
Before a small resistance, however, it would soon exhaust 
itself, and appear almost to stop. Here we have conditions 
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like those of the electric machine. High tension is UMi 
quality of electricity generated in the face of great resistance. 


Galvanic Battery and Various Forms of Oells. 

Galvanic Battery. 

76. When a number of cupper and zinc pairs, similar 
to the one already referred to, are put together, so that 
the copper plate of one cell is placed in conducting con- 
nection with the zinc plate of the next, in the manner 
shewn in hg. 67, they constitute a galvanic battery. The 
arrangement may be thus put : ZLO ZLC~ ZLO "ZLO"^> 

Z standing for zinc, L for lirpiid, and C for copper ; the strokea 
below for the ct‘Il-couiiection8, the strokes above for the wire- 
connections. Tlie term battery is sometimes also applied 
a number of cells acting as one combination, in whatever wajr 
they may be conii(‘cted, and sometimes even to one celh 
When the terriiiiKd copper and zinc plates (fig. 67) are con- 
nected, the current runs from each copper to each zinc 



Fig. 87. 

plate without the liquids, and from each zinc to each copper 
plate Trithin the liquids; and when the contact is broken, 
the zinc pole shews — , and the copper pole + K The 
1 
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gidvanie batteiy thus put up acts in all respects as a 
compound galvanic pair, and constitutes a compound galvanic 
or Voltaic circuit. If the polar wires be connected with a 
tangent galvanometer, the deflection of the needle caused by 
the battery will be exactly the same as that effected by one 
of the cells, provided the wire be thick, and a good conductor 
—that is, the maximum current given out by a single cell 
and a battery is the same ; but if the sine end be connected 
with the ground, and the electric tension of the insulated 
copper pole be tested by a condenser and torsion balance, its 
tension is found to be as many times greater than the tension 
of the same pole of one cell examined in the same way as 
there are cells in the combination. Thus, if two cells be 
taken, the tension is doubled ; if three, tripled ; and so on. 
The electro-motive force of a battery is therefore •proportional to 
the number of cellsy supposing, of course, that they are arranged 
consecutively, as in the figure. Hence, when the interpolar 
connection offers great resistance — when it is, for instance, a 
very long and thin wire — ^the battery has power to maintain 
a current when the cell almost fails to do so. The fact that 
one cell gives the same maximum current as a battery of any 
number of cells, enables us easily to ascertain if all the cells 
of a battery are in order. Suppose, for instance, we wished 
to ascertain this for a battery of lOO cells, 'we take one cell, 
to all appearance in good order, and test its effect on the 
needle through a piece of thick copper wdre; then we take 
the 100 cells, and test their combined effect in the same 
way. If both are the same, then all the cells are in order. 
The effect of the battery cannot possibly, in the circumstances, 
be greater than thfit of any one cell, but it may be less. If 
it is so, one or more of the cells in the chain are defective. 
If there is no local action, the quantity of zinc dissolved, 
and of hydrogen given off, in each cell or element of the 
compound circuit is exactly equal in amount, as is to be 
expected from the perfect homogeneity of every circuit. 

The four cells in flg. 67, as stated, form a compound 
voltaic circuit They may be made to form also a simple 
drouit If all the zincs were connected with one wire, and 
all the coppers with another, and the circuit completed by 
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one wire, then the four ccIIb would act in every respect as 
one cell, whose plates had four times the surface. A l^Uery, 
such 1 ^ in the figure, would be said to have a tension 
arrangement; a battery, like the one named, a quantity 
arrangement. 

That the electric tension should multiply with the number 
of cells, may be accounted for by the consideration, that 
instead of one polarising force, then; are several, all acting 
in the same direction, each on(i exalting the polarity of the 
molecules produced by the other. 
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Different Forms of the Galvanic Battery. 

77. Volta s pile is shewn in fig. 68. It consists of a number 
of circular plates, each made up of a plate 
of copper and a plate of zinc soldered 
together, built up, the copper plates 
facing one way and the zinc the other, 
each compound plate being separated by 
a circular piece of woollen cloth, moistened 
with a solution of common salt or dilute 
sulphuric acid. In eonsetjuence of the 
great number of pairs, the electric ti nsiou 
of the poles of Volta’s ])ile is considerable. 

One furnished with from 60 to 100 plates 
can chaige an electroscope without the 
condensing plates. It is from this battery 
that the term ‘pile’ is applied to the 
galvanic or voltaic battery. Volta used 
another form of battery, whhdi he called 
a crown of cups. This consisted of a 
number of cells like those in fig. 62, 
arranged in a circle, so that the first 
contiguous. 

78. ZamhonHs Dry Pile consists of several hundreds, and 
sometimes thousands, of discs of paper tinned on one aide, 
and covered with binoxide of manganese on the other, put 
together consecutively, as in Volta’s pile, and placed under 
pressure in an insulating glass tube clos^ with brass ends. 


\ - 
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Fig. 58. 
and last 



which serve as the poles. The electric tension of the poles of 
this anangement is considerable, but the strength of the 
current which passes when the poles are joined is next to 
nothing. The most important application of the dry pile is in 
the construction of a very delicate electrometer, which is 
named after its inventor, Bohnenberger^s electrometer. In this 
instrument the dry pile is insulated, and its ends are placed 
in conducting connection with insulated wires, which are 
bent round so as to face each other. The wires end in small 
faces, which thus constitute the poles of the pile. A gold 
leaf is hung between the poles, and turns to the one or the 
other according as it is chaji^ed. As we know the names of 
the poles, we know at once the name of the electricity with 
which the leaf is charged, as it must incline toward the 
opposite electricity. 

79. The Galvanic Trough^ introduced by Cruikshank, is a 


+ 



Fig. 69. 


trough (fig. 69) into which rectangular plates of copper and 
rinc, like those of Volta’s pile, are fixed, the cells included 
between each pair being filled with dilute sulphuric acid. 
The inner surface of the trough is coated wdth an insulating 
substance. .. 

80. JVolla8ton*8 Battery , — ^Each couple of this battery (fig: 
70) is made up of a plate of copper, doubled up so as to 
include a plate of zinc, from which it is kept apart by 
strips of wood. Both faces of the zinc are thus equally 
exposed to chemical and galvanic action, a device by which 
^e quantity of electricity is increased. Fig. 71 shews a 
battery of five of these. The connecting stripn^ metd are 
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fixed to a wooden rod, by wbich they con be lifted or 
lowered together. When the battery is pat in action, Hie 
whole is lowered, and the five couples are immersed in five 
troughs filled with dilute sulphuric acid (1 of the acid to 12 
of water). When out of action, the whole is lifted and fixed 
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by binding screws to the two suppoHing pillars. When the 
number of pairs is small, as in the figure, it is of little 
consequence whether one large trough or five small ones be 
used. 

81. Smee's Battenj.— In Smee’s couple, the position of the 
plates of Wollaston’s couple is reversed. It consists of a 
silver plate, with a zinc plate on either side, kept separated 
from it by slips of wood, the two zinc plates being 
fastened by a coupling. There are thus two + plates 
to one — , instead of two — to one +, as in Wollaston’f 
couple. The zinc plate has not thus to be so olteE 
renewed as in Wollaston’s battery. The silver plate is platixt^ 
ised — that is, covered over with finely-divided platinum 
— and this is found to lessen the adhesion of the hydrogen 
bubbles to the plate, thereby greatly improving the constancy 
of the action. Smee’s battery has the same arrangement os 
Wollaston’s. 
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Groves Oa$ Battery . — This battery is more intended for 
.^jtistroction than use. One of its cells is shewn in fig. 72. 
f^lntd tlie two outer necks of a three-necked bottle, two glass 
tubes are htted by means of corks through which they pass. 
Each of these tubes is open below, and a platinum wire enters 
them hermetically above, to which a long strip of platinum is 
jj soldered, extending nearly to the bottom of the tube. , Little 
;t«ps, containing mercury, stand at the upper ends of these 
9 . The whole apparatus is filled with slightly acid water, 
^fmd the poles of a galvanic battery are placed in the little 
eups. Water is thereby decomposed : oxygen forms in the 
one tube and hydrogen in the other. When the battery wires 
^are removed, no cliange takes place till metallic connection is 
eiftablished between the cups, and the oxygen and hydrogen 
gradually disappear, attended by an 
electric current which passes from the 
oxyg(*n to the hydrogen. When several 
of these are put together in a battery, 
the connection being always oxygen to 
hydrogen, they can decompose water. 
Tlie most iiuportant fact illustrated by 
drove’s battery is, that the oxygen and 
hydrogen, liberated by galvanic agency, 
when left to themselves, produce a 
current the oi>posite to that which 
separated them. When the poles of 
the decoiiiposing butteiy were in the 
mercury cups, hydrogen is given off 
at the - , and oxygen at the 4- 
pole ; and as opposite electricities 
attract, it is manifoj^t that the hydro- 
gen in Ibis action is +, and the 
oxygen — . When the two gases fonn, 
by means of the platinum plates, 
a galvanic pair by themselves, the 
current must proceed, as in aU cases, 
from the 4- to the — within the lii^uid, and the reverse 
way between the poles ; but this is the opposite of the 
direction of the original current 
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OaivaiMc Potarisation — CoTistarU Batteries. — It is tkerefoTe 
manifest that vhcre oxygen or hydrogen is set free at any point 
in a galvanic circuit, they will tend to send a counter-current. 
This tendency is called galvanic polarisation. This accounts 
for the fact, that no single galvanic pair can decompose water, 
as the force generated is no greater than the force of the 
counter-current that would be produced by the liberated gases. 
Even two cells produce an insigtdticiint elFect. Qalvanic polar- 
isation also accounts fur the sudden hdliiig off in strength in 
all galvanic couples where hydrogen is set free at the negatiyo 
plate. The bubbles of the gas adhering to tlie plate, not only 
lessen the surface <ji‘ contact hetweeu the plate and the liquid, 
but exert an electro-motive force contrary to that of the pair, 
and this goes on increasing until the action becomes greatly 
reduced. In all improved forms of the pair, it therefore 
becomes necessary to adopt Home means of preventing the 
disengagement of hydrogen at the negative plate, and this 
is done in all constant batteries by employing two fluids 
instead of one. The best known constant batteries are those 
of Daniellf Grove, and Bunsen. 



rig. 73 . Fig. 74 . 


83. DanieUs Battery. — A cell of this battery is shewn in fig. 
73, and a section of it in fig. 74. The containing vessel, o, is of 
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copper, Tsiiidi serves likewise as the negative element of the 
pair. Inside of this is another vessel, d, of porous unglazed 
earthenware containing a rod of zinc, z. The space between 
the copper and the porous cell is filled with a solution of the 
sulphate of copper, which is kept concentrated by crystals of 
the salt lying on a projecting shelf, s, and dilute sulphuric 
acid is placed with the zinc in the porous c^ll. When a 
tangent galvanometer is included in the circuit, the needle 
keeps steadily at the same point for hours. The rationale of 
its action is given as follows : The ])orous cell wliich keeps 
the fluids from mingling doc.s not hinder the j^assage of the 
current ; when the atoms of liydrogen tliat would ultimately ^ 
be freed at the co2)per reach the jxmms cell, they displace the* 
copper in the sulj)hate of co2>p<‘r, and coiiper instead of hydro- 
gen is thrown on the cojpcr ])late. The (dicmical rationale of 
the action may be given by the following equations. Begin- 
ning with the copju'r (Cn) of the outer vessel, and ending 
with the zinc (Zn) of the nul, and taking 1 '^ lor diaphragm or 
porous cell, wo have the aiTaiigemeut before discharge 
Cu,0uSO4 0ulSO4 r* 110,804 H\mS 04 Zn ; and after it, OuCu 
8()4l‘*ll2 SOj.Ho S04Zn. The discharge, therefore, 
effects a deposition of co]q>er at tin; copper, and the formation 
of sulphuric aci<l at the petrous cell and of sulphate of zinc 
at the zinc rod. Instead of hy<lrogen in its nascent state being 
deposited at the co2>per, we have cupper in the same condi- 
tion ; but the galvanic pidarisation caused by tlie latter is 
very much inferior to that resulting from the former, and 
hence the superior electro-motive force of DanielVs cell. The 
porous cell keej^s the suljdiate of zinc from reaching the 
copper, and thus obviates another source of diminished force 
in the one-fluid battery. The suli)hate of zinc once formed, 
is itself subjected to the derom]>osing action of the pile, and 
zinc is deposited on the copper-jdate, thus tending to give a 
zinc-zinc instead of a copper-zinc pair. The constancy of 
Daniell’s battery is not unlimited, for the sulj^hate of zinc 
.which results from the action, being a bad conductor of elec- 
tricity, enfeebles the current. From its great specific gravity, 
however, it falls to the bottom of the cell, and maybe removed 
by a siphon, and replaced by fresh liquid. The copper of the 
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Daniell’s cell is frequently also placed inside tlie porous vessel, 
as the platinum in Grove’s cell. A battery of Daniell’s cells 
is put up in the usual way. 

84. (hove' 8 Battery consists of platinum-zinc couples. Fig. 
75 shews an excellent arrangement of a cell of it. The outer 
cell of glass, is filled with dilute sulj)huric acid (1 part of 
acid to 8 of water), in which a cylindrical plate of zinc, », is 
immersed. Inside the zinc is a porous cell, d, containing 
concentrated nitric acid and the platinum ^date, p, which is 
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bent into the hji-in of an S (fig. 70), to increase its surfaco. 
Grove’s couple is very much sup(*rior in power to any of the 
preceding, though it is inferior in constancy to Daniell’s. 
When the polos are joined, sulphate of zinc is fonacd in the 
outer ccdl, and the heavy brown gas, peroxide of nitrogen 
(JS2G4), is given otf by the nitric acid. As this gas is injurious 
to the health when breathed for any time, the porous cell ia 
closed with a stopper of w'ood to ])revent or lessen its escape, 
the connection between the exterior aiul the platinum plate 
being made by a strip of metal passing tlirough the wood. 
The chemical action of Grove’s couple may be shewn in the 
same way as Danicdl’s, taking anhydrous iiitiic add (NgO^) to 
be the oxide of the peroxide of nitrogen (N204,0). Before 
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diBcliarge, the molecules stand thus, beginning with the plati- 
num ; Pt, SgO^ |’‘H2,S04 H2,^4, Zn ; and after it, 

P^N204 03^4^3780^2 807Zn. The peroxide of 
nitrogen discharged at the platinum plate is absorbed by the 
nitric acid, in which it is soluble, so that the plate is left free. 
The resulting solution is highly conducting. The peroxide 
of nitrogen soon spontaneously separates from the nitric acid, 
giving rise to the dark-brown vapour already mentioned. The 
cells of a Grovers battery are connected with the platinum of 
the one to the zinc of the other. 

85. Bunsen^s Battery. — Bunsen’s cell has the same chemical 
action as Grove’s, the platinum being replaced by carbon. 
There are two forms of the e<*ll — the one invented and 
employed by Professor Bunsen, and generally adopted in 
Germany ; and the modiheation introduced by Archerau, 
generally found in Eiiglaml and France, The Bunsen cell, 
properly so called, lias a carlxm c>linder iininersed in nitric 
acid, and the porous C(*ll conluining the zinc and sulphuric 
acid placed within it. Fig. 77 reiu’esents a battery of four 
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cells, shewing how the different cells are connected : g is the 
containing glass vessel ; c, the carbon cylinder ; d, the porous 
cell ; and 2, the zinc. The other form of the Bunsen cell is 
shewn in fig. 78. In it the same arrangement is adopted as in 
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Grove’s cell. Bunsen’s battery, in point of cheapness, is pre- 
ferable to Grove’s, where the platinum forms an expensive 
item, but is inferior to it in 
point of compactiujss. 

Bunsen Coke . — The carbons 
for Bun sen’s battery are imule by 
a process invented by Bunsen. 

The fine dust of coke and 
caking coal is put into a close 
iron mould f)f the shape required 
for the carhoii, and ex})osed to 
the heat of a furnace. 'VVlnui 
taken out, the burned mass is 
porous and unlit for use, but 
by repeatedly soaking it in 
tliick syruji, or gas tar, and 
reheating it, it at h*ngth ac‘.(piires Fig. 78. 

the necessary solidity and c< in- 
ducting power. T}j(! carbon tluit forms on the roof of gas- 
retort.s is liurder and bedter iliati the carbon thus made, but it 
is diflicult to work, and the sujiply of it i.s limited. 

Comparative Ekdro-motiir Forces of different Taking 

Muller’s rchults, and expres'^ing them in the. electro-chemical 
units afterwards mentioned (tlfi), the following numbers give 
the average eh'ctio-motive forces of the dilhu'cnt cells: 
Bun.sen’s, lG d.'> ; Grove’s, 1C‘().5 ; T)ani<*ir.s, 1) 07 ; Wollaston’s, 
4*13. This, of course, does not tell us the maximum current 
that can be got from each, for to determine that tin*, size of the 
plates, their nearness, and the lifjuid resistance within the 
cell, must be also take.n into account. The resistances 
within the cells for like surfaces for Daiiiell’s and Grove’s 
batteries have been vanously estimated. Some give the 
resistance in Daniell’s as six times, others two times greater 
than in Grove’s, lu Wollaston’s cell the resistance is (‘om- 
paratively small from the absence of the jiorous coll, which 
offers very considerable resistance. 

86. Iron Battery . — Instead of platinum, iron may be used 
with an equally good result in Grove’s battery. Cure must 
be taken that the nitric acid does not become dilute, for in 
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dilute nitric acid the iron is violently attacked. In the 
electro-chemical table, iron stands much inferior to platinum 
as an electro-negative metal. Its use in the iron batte^ 
'depends on its becoming highly electro-negative in concen- 
trated nitric acid, or assuming, as it is called, a passive condi- 
' ^bn. The passivity of iron can be produced in various ways. 
It becomes so when dipped in concentrated nitric acid, when 
heated in air or oxygen till it changes colour, or when it 
-ferms the + pole in the decomposition of water, where ozon- 
ised oxygen acts on it. Passive iron suffers no change in 
dilute nitric acid, which powerfully corrodes active or ordinary 
iron. The passivity of iron is attributed to the formation on 
its surface of a very thin layer of oxide, which is insoluble in 
nitric acid, and electro-negative compared with active iron. 
Passive iron can be made active by being rubbed with sand- 
paper, or heated in hydrog('u gas. If in the iron battery 
filled with dilute acid there be. any part not passive, that 
jMirt forms a pair willi the passive part, and rapidly dissolves.. 
When the acid is concentrated, however, tlie surface is kept 
constantly iiassive. 


Measurers of Current Strength. 

87. The two powers of the galvanic current hy which its 
strength is most conveniently mea'^ured arc, its power to 
deflect the magnetic needle, and to effect chemical decom- 
position. To measure one or other of these is the object of a 
galvanometer or voltsiiinder. A magnetic galvanometer shews 
the strength of the I’urrent by the amount of the deflection of 
the needle, and sliews its direction by the way in which it 
deflects. The manner in which a needle should turn when 
influenced by a current is easily kept in mind by Ampere’s 
rule : Suppose (he diminutive fiyure of a man to he placed in the 
circuit, so that the current shall enter by his feet and leave by his 
head; wh-en he looks with his face to the needle, its north pole 
always turns to his left. The deflecting wire is supposed 
always to lie in the magnetic meridian. 
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88. The Astatic OalvaTwmeter, also called simply Galvanr 
ometer (Ger. Multiplicator\ is used either simply as a galvan- 
oecope, to discover the existence of a cun-ent, or as a measurer 
of the strengths of weak currents. When a needle is placed 
under a straight wii-e, through which a current passes, it 
deflects to a certain extent, and when the wire is bent, so as 
also to pass below the needle, it deflects still more. This is 
easily understood from the above rule. The supposed figure 
has to look down to tin* needle when in the upper wire, and 
to look up to it in the lower wire, so that his left hand is 
turned in diffc^rent ways in the two positions. The current in 
the upper and the lower wire moves in opposite directions, 
thus changing in the same way as th(‘ figure ; and the deflec- 
tion caused by both wires is in the same direction. By thus 
doubling th(^ whe, we double the deflecting force. If the 
wire, instead of making only one such circuit round the 
needle, were to make two, the force woidd be again doubled, 
and if several, the forrje (leaving out of account the weakening 
of the current caused by the additional length of the wire) 
would be increased in ])roportion. If the circuits of the wire 
be so niulti})lied as to form a coil, this force would be enor- 
mously incrc-iused. Two neidle-s, as nearly tlie same as 
])Ossible, placed paralhd to each other, with their poles in 
opposite ways, as shewn in lig. and su.spcnded, so as to 
move freely, by a thread without twist, have little tendency 
to place theiiiselveo in the magnetic meridian, for the one 
would move in a contrary direction to the other. If they 
were exactly of the same ])ower, they would remain indjlfler- 
eiitly in any pos.itioti. Tliey caniiut, liowever, be so accur^Wy 
paired as thi.s, so that they always take up a fixed position, 
arising from the one, being- 
somewhat stronger than the 
other. This position is .some- 
times in the magnetic meridian, 
sometimes not, according as the 
needles are less or more per- 
fectly matched, and their axes 
lie in the same vertical plane. 

Such a compound needle is called astatiCj as it stands apart 
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from the directing magnetic influence of the earth. If an 
astatic needle be placed in a coil, as in fig. 80 , bo that the 
lower needle be within the coil and the upper one above it, 
its deflections will be more considerable than a simple needle, 
for two reasons : in the first jdace, the power which keeps the 
needle in its fixed position is small, and the needle is conse- 
quently more easily influenced ; in the second i^lace, the force 
of the coil is exerted in the same direction on tw’o needles 
instead of one, for the upper needle being much nearer the 
upper part of the coil than the lower, is deflected alone by it, 
and the <leflection is in the same direction as that of the lower 
needle. An astatic needle so jfiaced in a coil constitutes an 
astatic galvanometer. One of these instruments is she'WTi in 

fig. HO. Round an ivory 
bobbin, AB, a coil of fine 
copper wire, carefully 
insulated with silk, is 
Wound, its ends being 
coniu‘cted with the bind- 
ing screws, 5, s'. The 
astatic needle is placed 
in the })ol)bin, which is 
l>rovi(led with a vertical 
slit to admit the lower 
needl(\ and a lateral 
blit to allow of its oscil- 
lations, and is suspended 
by a cocfion thread to 
a hook snj)ported by a 
brass frariic. The upper 
needle moves on a grad- 
iiated circle ; the com- 
pound needle hangs 
freely without touching the bobbin. The whole is included 
in a glass case, and rests on a shind, supported by three 
levelling screws. When used, the bobbin is turned round by 
the screw, Q, until the needle stands at the zero-point, and 
the wires tlirough which the current is sent are fixed to the 
binding screws. The number of degrees that the needle 
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deflects may then be read off. It is manifest that on deflec- 
tion taking place, the different portions of the coil are differ- 
ently situated vnth. respect to the needle from what they are 
at zero ; the deflecting force of the coil, therefore, differs with 
the position of the needle, so that tlie deflections caused hy 
different currents are not in the propoition of the angles of 
deviation, or their fiinctions ; u]) to from 15“ to 20“, it is 
found for most instruments that tlu‘ str< ngth of the cun-ent is 
proportional to the angle of deviation ; beyond that, the 
relations of strengtli indicated hy diflerent angles must be 
ascertained experiinentally, wliich can bo done with the aid of 
a thermo-electric pile. 

89. Tangent Galvanometer . — This instriiiuent is shewn in 
fig. 81. It consists essentially of a thick strip of copper, bent 
into the form of a circh‘, from one 
to two foot in diauioter, with a small 
magnetic needle, moving ()n a gra- 
duated circle, at its centre. When 
the needle is small comj>ared with 
the ring, it may be assumed that 
the needle in any direction it lies 
holds the same relative j»osition to 
the disturbing power of tin; ring, 

Tills being the case, the afrengtk^ of 
currents circulating in the ring are 
proportionate to the tangents of the 
angles of deviation of the needle. Fig. 

82 shews how this is ])roved. Let 
MM be the magnetic meridian, or 
the plane of the ring, NS the needle, 

T the horizontal inagmdic force of 
the earth acting parallel to the meri- Fi«. 81. 

dian, C the force of the current in 

the ring acting perpendicular to the meridian, and d the 
angle of deflection of the needle, ALM. T, represented 
by line ON, and C by BN, must be resolved each into two 
forces acting in a line with, and pei'pendicular to, the 
needle. T is resolved into ND and NE, and 0 into NG 
and AN. The perpendicular parts, GN and ND, must be 
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equal to each other if the needle is at rest, for they alone 
determine the turning of the needle. The other parts are 
neutralised by the opposite forces at the other end. Now, 



GN is C cos. and KD is T sin. d; and these being 
equal, it follows that 0 = T tan. d. As T may be taken as 
constant at the same point on iln* earth’s surface, the force 
0 varies with tan. d. Thus, ii‘ the defle(’.ti(»n caused by one 
galvanic couide Wiis 45'’, and of anolhei’ GO’, the I'elative 
strengths of the currents sent by each would be as the tangent 
of 45® to the tangent of Gif — viz., as 1 to 173. The needle 
can never be dellected JKV, for as tin* tangent of is infinitely 
large, the strength of the deviating < uirent must be infinitely 
great, a strength manifestly unattainable. The tangent gal- 
vanometer can couseiiueiitly be usc<l to measure the strongest 
currents. One great advantage attending its use is, that the 
current, in passing llirougli the thick copper wire, experiences 
almost no resistance, and consecpieiit diniiimtiou of strength, 
so that it can measure a current without affecting it. The 
strengths of the currents here got are simply relative. In 
article 132, we sliall find that when the horizontal intensity of 
the e>arth’s magnetism at the jilaee of ohservation is kno^vn, 
the indications of the tangent galvanometer give the strengths 
in absolute electro-magnetic units. The determination of the 
horizontal intensity requires care and skill. By coupling the 
indications of the galvanometer with those of the voltameter, 
as shewn in the next paragraph, we liiive an easier way of 
reaching absolute results in electn>-chemical units. 

90. Voltameter . — This was invented by Faraday for test- 
ing the strength of a current. Fig. 83 shews how it may he 
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constructed. Two plat inum plates, each about hal f a square inch 
in size, are placed in a bottle containing water acidulated with 
sulphuric acid ; the plates are soldered to wires wliich pass up 
thn^ugh the cork of the bottle ; binding screws are attached to 
the ii2q>t*r ends of these wires ; a glass tube fixed into the cork 
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serves to discharge the gas fonned within. IVlieii the binding 
Hcrew.s are cori!HM.-tei| with the poles of a battery, the water 
in the bottle begins to be <le<M)iiipo.sed, and liydrogen and 
oxygen rise to tin* .surface. If, now, tlie outer end of the 
dis( barging tu]*e be pla<*e<l inatr- ugh of mercury (mercury 
<loes not «lissolvf tlie gu.'>e's\ and a graduated tube (fig. 84), 
likewisti filled with ne iviiry, be ]»laeed over it, the combined 
gU'^es ri.^e into the tube, and the fjiuaifift/ of (jas (fivcn off in a 
(firm time 7/o'Os//r<.«! the stnrifftk of the current. The unit 
current may be taluui as one which is capabb; of giving off 
one cubic centimetre of gas per niiuut«*. The voltameter 
choo.ses as a test the work which the, current can iK tually 
perform, and establishes a uniform btamlard of coiujvirison. 
The indications (»f the tangent galvanometer, as taken above, 
are comparable only wiili its owui ; but the (piaritity of gas 
discharg(*d by the Vfdtaineter, correcteil for ])res'>ure and 
temjxjrature, is sonietbing quWe absolute. However, by 
comparing the iiidicatiorts of both instruments with t*ach 
other when jdaced in the same circuit, an absolute standard 
may likewise be got for the tangent galvanometer. If, for 
instance, the current given by a battery should give 60 cubic 
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centimetres in a minute, as shewn by the voltameter, and 
produced at the same time a dedeciion of 45° in the galvan- 
ometer, the ratio of 60 to the tangent of 45° — viz., 60 to 1 = 
60, is constant, for correct measurements of the strength of 
currents, however taken, must bear to each other a constant 
ratio. If the angle of deviation for another current be 30°, 
we have therefore only to multiply 60 by the tangent of 30°, 
to ascertain the amount of gas that would be liberated by a 
current of that strength in a minute. Thus, let x = quantity 

of gas with a current deflecting the needle 30°, then = 

60 

tan. 30° tan. 30 ... _ _ . 

^ i — , therefore x = 60 tan. 30 = 34 ’6 cubic 

tan. 45 1 

centimetres of gas per minute. We are not to conclude that 
the electromotor that gives off this current would be able to 
^iffect so much decom]>ositioii in tin* voltameter ; but we are 
^told that if it could send through it a current ol 30“, such 
would be the amount of oxjdohive ga^ ; or rather, in any 
voltameter through wliich a curi*ent of 30', according to this 
particular galvanometer, is passing, the cliomicail decomposi- 
tion equals 34*6 cubic centimetres j)er minute — a perfectly 
general measure. This found, wc know the meaning of a 
deflection of 30° of the galvanometer in question in a perfectly 
comparahlc standard. The plates of the voltameter must he 
small, for when they are large, a small quantity of electricity 
is found to pass without decompo^5ing the water. It is found, 
also, that a minute quantity of the oxygen forms peroxide of 
hydrogen (HaOjj) with tlu‘ water, luid remains in solution, so 
that when very great accuracy is recjuired tlie hydrogen alone 
ought to be measured. 
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Eesistancea to the Current— Ohm’s Law, 

Resistanoea to the Current. 

91. It ia found that the diuHMiaious and material of sub- 
Rtances inoluded in tin' ' in iiit exercise au important 
indiience on the stienuth of the ciiT’eiil. It is of the 
greale.st importance to as(«ilam ih<’ rchitivo amount of 
the r(‘Mstaiice olfcre<l by conductors of various forms and 
materials. Tin- iij\« nti'<l ])y \Vhcatstoiie, is grm'rully 

employed for tins purj'ose, and i'ortliia ohject is constructed so 
as to inti'oduci' into, or withdraw 
a considerable amount of hi; 4 hly 
resisting wire from, the circuit 
without stop])iiig till' eurreiil. it 
is fcliewn in tig. .sf}. I'wo i vlin- 
ders, C', 0, alxuit (J ineln's in 
length, and 1.1 iiicli in diameter, 
are placcid jiaralhd to each other, 
both being inovalilc rouml their 
axes. One of them, Cr, i.s of Fig, 86. 

brass, tbo otln-r, (\ is of will- 

dried Avood. 1 he wooth'ii cylinder has a sjdral gi'oovc cut into 
it, making forty turns to the inch, in which is ])hic.ed a fine 
metallic wire. One end ol the wire is fixed to a brass ring, 
whicji i.s fieen in the figure at tlie, further end of tlie wooden 
cylinder ; and its other end is attaehed to the nearer end (not 
seen in the liguiv) of the brass cylinder, O'. The brass ring 
just mentioned i.s coiiii(.*cted with the binding screw, S, by a 
strong metal spring. The further end of the cylin<ler 0/ has 
a similar connection with ^le bimling screw, S'. The big/, II, 
fits the projecting stajde of either cylinder, and can conse- 
quently turn both. As the brass cylinder, O', is turned in the 
Bame direction as the hands of* a watch, it uncoils the wire 
from the wooden cylinder, 0, making it thereby revolvx' in 
the same way. When the wooden cylinder is turned contrary 
to the hands of a watch, the reverse takes place. The numbcT 
of revolutions is shewn by a scale placed between the two, 
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and tlie fmction of a revolution is shewn by a pointer moving 
on the graduated circle, P. When the binding screws, S and 
S', are included within a circuit, say S with the +, and 
S' with the — pole, the current passes along the wire, on 
the wooden cylinder, C, till it comes to the point where 
the wire crosses to the brass cylinder, C' ; it then passes up 
the cylinder C' to the spring and binding screw, S'. The 
resistance it encounters within the rheo?>tat is met only in 
wire, for as soon as it reaches the large cylinder, C', the resist- 
ance it encounters up to S' may be considered as nothing. 
W“hen the rheostat is to be used, the whole of th(j wire is 
wound on the wooden cylinder, the binding screws are put 
into the circuit of a constant cell or battery along with a gal- 
vanometer, astatic or tangent. If, now, the resistances of two 
wires are to be tested, the gjilvanonieler is read before the first 
is jmt in the circuit. After it is introduced, in consequence 
of the increased resistance olh red by it, the lu^tslle falls back, 
and then as much of tli(‘ rheostat wire i< unwound as wull bring 
the needle hack to its former ]>laee. Tlie (juantity of wire 
thus uncoiled in the rheostat is shewn by the scales, and is 
manifestly e({ual in resisting jiower to the introduced wire. 
The firet is then removed, tli(‘ rheostat readjusted, and the 
second wire included, and the same unwinding goes on as 
before. To fix our id<*as, let the qiumtity of wire unwound in 
the first case be 40 inches, and in the second case CO inches ; 
40 inches of the rheostat wire olfer as iiiucli resistance to the 
current as the first win*, aiul CO inehe- of it as much as the 
second. We have thus 4i> t(* 00 tlio ratio of the ri'sistances 
of the two vdres. Tlu* wire of the rhe(»stat, from its limited 
length, can only be coiii]);irable with small resistances ; and 
whore great resistanees are to be measured, large bobbins of 
insulated wire called rtsi'i^taun coils, wliusci resistances have 
been ascertained, are introduced into the eircuit, or removed 
from it, as occasion re<piires, leaving to the rheostat to give, 
as it were, only the fractional readings. • 

02. The general principles of tin* construction of a rheostat 
being undemtoud, it will be easily understood how the follow- 
ing results have been ascertained. It is proved, for instance, 
that the resistances of wires of the same material, and of uniform 
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thichnesSf are in the direct ratio of (heir kngthSf and in the in- 
verse ratio of the squares of their diameters. Thus a wire of 
a certain length offers twice the resistance of its half, thrice of 
its third, and so forth. Again, wires of the same metal, whose 
diameters stand in the ratio I, 2, .*1, &c., offer resistances 
which stand to each other as I, therefore, the longer 

the wire the greater the rosistan< e, the thicker the wire the 
less the rcsisUince. The liohls true of llqiiids, but not 

with tile same exactness. F<»r this reason, the lai^er the plates 
of a galvaui<* pair, and tin* nearer tiny are placed to each 
other, the less will he tlie re.‘ i stance offered to the current by 
the iiiterv(‘nin^ liquid. The fellowing table, constructed by 
Ed. Bec(|ueri l, gives the i<perific resistances of some of the moi’e 
common suhhtances, or the. resistance which a wire of them, so 
to sjieak, of the same dimensions oilers at the temperature 
54° F. : Co])per, 1 ; silver, *9 ; gold, 1*4 ; zinc, 3*7 ; tin, 6*6 ; 
iron, 7*5; lead, 11 ; jdaliuum, 11*3; mercurv (at 57°), 50*7. 
For liquids, the resisi.uices are enormous as compared with the 
metals. With co])p(‘r at 32^ F. .is 1, the following liquids 
stand thus: Saturated solution of the sulphate of copper at 
48° F., 1(1,885,520; ditto of chloritle of sodium at 66° F., 
2,903,538 ; sulphate of zinc, 15,861,267 : sulphuric acid, dilutecl 
to ut 68° F., 1,032,620 ; nitric acm at *>5^ F., 976,000 ; dis- 
tilled water at 59 F., (5,754,208,000. 

If such be the resi.>tanc»* of dislil!e<l water, which is a con- 
ductor for frictional ele( tricity, how inconceivably great in 
comparison must he the resi.staiice of those substances which 
are non-conductors to it. 

93. The oonduciinij poiver of a substance is inversely pro- 
portional to its resi.stiiig power, the more it resists the worse 
it conducts. The list just given therefore gives inversely the 
conducting power of the substances mentioned, so that taking 
the conducting power of silver as KK), we get that of each of 
the other substances by dividing 90 by the resistance of that 
metaL Instead of giving Becquerel’s conductmg tahhq we 
may give Mathiessen’s more recent determinations (1868). In 
the following table the first column gives the conducting 
power of the metals for electricity according to Mathiessen, 
and the second column their conducting power for beat 
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according to Wiedemann — silver, the standard, being 
100: 

Conducting Power of Metals. 



Klec- 

tricity. 

Heat. 


Elec- 

tricity. 

Heat. 

Silver, . 

100 * 

100 

Platinum, . 

10*5 

8-4 

Copper, 

77-4 

73*6 

Lead, 

7-7 

8-5 

Gold, . 

5.^-2 

63-2 

German Silver, . 

7-7 

6-3 

Sodium, 

37*4 


Antimony, 

4-3 


Aluminum, . 

33-8 


Mercury, . . 

1*6 


Zinc, . 

27-4 

28-1 

Bismuth, 

1-2 

’i-8 

Potassium, 

20*8 


Graphite, . 

•069 


Iron, . 

14-4 

H-9 

Gas Coke, 

•038 


Tin, 

11-4 

1 15 

Bunsen Coke, . 

•025 



The different determinations of the conductivity of metals 
agree generally as to order, hut differ as to precise numbers. 
This arises from the difficulty of getting metals in the same 
state of purity or hardiic^ss. The slightest admixture of a 
foreign metal alters the conducting power decidedly ; i per 
cent, of iron in copper w'ire increases the resistance more than 
25 per cent., and a trace of arsenic 66 per cent. Mathiossen 
has found that the relative conducting powers of the various 
simple metals remain the same at temperatures between 1° 
and 100® C. Metals at UK)® 0., compared with themselves at 
0° C., lose about .30 per cent, of conduclLng power. In the 
case of iron only, it is 38 per cent. Annealing improves con- 
ducting power. German silver is w'ell adapted to resistance 
coiR, because of its specific resistance, ami because its conduct- 
ing power is affected to a slight extent (4 per cent.) between 
1° and 100® C. Non-inotallic suhstaiices generally improve 
in conductivity as they rise in temperature. 

94. Unit of Resistance . — Various units of resistance have 
l>een suggested, such as a certain length of copper or other 
wire of a certain thickness, but the difficulty in all such cases 
is, that specimens of w'ire are seldom found of the same purity 
or structure, so that the results in one case are not comparable 
with those in another. The British Association of 1864, 
following a suggestion of Weber, that an electric resistance 
might be expressed as an absolute velocity, or as a length 
divided by time (130), independently of the nature of the 
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substance offering it, have agreed upon an ideal absolute 
standard, which, according to the perfection of the means of 
observation, they will be able materially to express. This is 
called the B. A, Unit of remtance 1804, or an Ohmad (from 
Ohm). The following table will give an idea of its physical 
meaning, accortling to presiiit means of realising it. It is 
expresMid in B, A. units : 

B. A. Unit (1864.) — A volmnly of 10,000,0o0 metres 

j)er second, 

Siemens's Unit. — A column of pure mercury, 1 metro 
lonp, and 1 square juillimetie in section at O'* C., 

Varley’s Unit. - One mile of onlinary copper wire 
(perhaps more correctly ot a certain copper ^vire), 

(if an inch in dinmeter(No. 16 wire), at 6ti* F,, 

Digney’s Unit. One kilometre of iron wire, 4 milli- 

inetres in diameter, 

The following units arc used by various observers. 

Their value m B. A. Units is detcnninetl by Dr 
Mathiessen [PhiL Mar/. ISO.’i) : 

A wire at 0“ 0., of 1 metre length, and 1 rniHimeire 
diameter, of — 

Silver (pure, annealed), 0*01037 

Copper (i)ure, annealed), .... 0*02057 

Geiman Silver (pre.s.sed;, 0*2605 

According to Mathiessen’s suggestion, tho B. A. unit is 
embodied in a platinnin-silver alloy, containing (>(>‘6 per cent 
of silver, whose conducting pow’er is 07, and loses only 3*1 
jier cent of conducting power from 1*^ to 100" C. It has, 
moreover, this advantage, that it do(*s not, as German silver 
sometimes does, alter its conducting power after long^se. 
The repeated heatings caused by the jiassage of the current 
tend to anneal the Avire, and lessem its resisting power, but this 
does not affect the alloy in question. Copies of the B. A. unit 
in a wire of this alloy are issued by the Kew Observatory. 


I 1-0(JD0 

I 0-9563 
I 25-61 
j 9-266 


Ohm’s Law. 

95. O/im’s Law . — This law is singularly in accordance with 
experimental results. It assumes that the electro-motive force 
for a particular galvanic pair is con.stant, and that the strength 
of the current it produces is the quotient which results from 
dividing it by the resistance of the circuit. This resistance 
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arises from two sources ; the first being the resistance within 
the cell offered by the exciting liquid, and the second the 
interpolar resistance. If e represent the electro-motive force ; 
ly the resistance within the cell ; w, the interpolar resistance ; 
and S, the strength of the current, or the quantity of elec- 
tricity actually transmitted, the statement of the law for one 

couple stands thus : S = . The application of the law 

in a few pailicular cases will best illustrate its meaning. If 
we increase the number of cells to w, we increase the electro- 
motive force n times, and at the same time we increase the 
liquid resistance n times, for the current has n times as much 

of it to travel, then S = — If w be small compared 

with ni— that is, if the external connection be made by a 

short thick wire — it may be neglected, and so S — ^ = Y* 

This shews that one cell gives in these circumstances as 
powerful a current as a huge battery, and that the increased 
electro-motive force is expended in i)ushing the current 
through the liquid in each (;ell. But if nl be small with 
respect to w — as in the interpolar circuit of an electric 

telegraph battery — nl may Ik* neglected, and S = . Here 

we learn that the energy of the current increases directly as 
the number of cells. We may learn from the same that the 
introduction of the coil of long thin wire of a galvanometer 
into such a circuit, introducing but a comparatively small 
increase of resistance, ciiuses a very sliglit diminution of the 
current strength. If, again, we increase the size of the plates 
of a galvanic pair n times, the section of the liquid is propor- 
tionately increased, so that whilst the electro-motive force 
remains the same, the cell resistance diminishes n times ; 

tberefoK.' S = , - - , or S = — - . If the exterior resistance 
I -i- w I nw 

n 

is small, v,w may be neglected, and S » and the strength 

I 

is thus shewn to increase n times. 
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96. Application of OhitCs Law. — To apply Ohm’s law 
practically, we must have some means of measuring the 
strength of the current S, and the resistances I and w. These 
ascertained, we have data sufficient to determine e. The instru- 
ments which serve for this object, already described, are the 
tangent galvanometer and rhoo-,t{il If we are contonteil 
with relative results, the simple indications of the galvano- 
meter, and the resistance offered by any leiiglh (fixed on as 
a unit) of the wire we use for the rheostat, will serve our 
l>urf) 0 se. Eut if we uish absedute results, we must, in the 
first place, include onr galvanometer and a voltameter in a 
circuit of sevei al cells, and comjuire the indication of the needhi 
with the cubic emtimetres of gas given off by the voltameter 
per minute lii fhe instrument that we use. let the volta- 

meter give olf 30 cubic, centinu-tres, while the net‘dle indicates 
a deflection of (tangent -- -o or 4 ni'arly). By simple pro- 
jiortion, we fiud that if it gives off 30 ciihic. centimetres at 
264^ it will give olT at 45” ^^taiigent - 1) (>() ciihic centimetres. 
To express the indic-ations of our tangent galvanometer on an 
absolute standard of measure of gas, we have therefore to 
multiply 60 by the tangent of the angle it may indicate. 
In the second jdace, we must ascertain what length of the 
wire we use corresponds to a W(dl4- 'owii unit of resistance, 
say the E. A. unit. Thii.s furnished with an alisolute meuHuro 
of current and ^e^i^tam‘^‘, we may lake as a unit of electro- 
motive force that ichich cmi (jencrate one cubic centimetre 
of gas per minuU' in a circuit of a JJ. A. unit of resistaMe. 
Having connected the poles of the cell to be exuinined 
with the galvanometer by short thick wires (so that the 
interpolar resistance may be left out of account), we find the 
angle to be 51^° (tangent = 1-25). The strength of maximum 
current is 60 x tan. 6H = BO cubic centimetres of gas. 
Include now one unit of the rheostat wire into the circuit, 
the angle falls to 121'^ (tangent = *22 = |). The strength of 
the cuiTent is now 60 x tan. 124°= 13|. Li the first case, 

e 

the interpolar resistance, w, is nothing, therefore 80 =-| ; in the 

e 

second, 13i From these two equations, it follows 



164 


ELECTRICITY. 


that ^ the liquid resistance within the cell, is *2, or ^th of a 
B. A. unit, and that e, the electro-motive force, is 16 — that is, 
in a circuit whose resistance is one unit, the electro-motive 
force would be able to disengage 16 cubic centimetres of gas 
per minute. The same might be found for a battery of 
several cells in the same way, only more resistance must be 
included in the circuit to reach accurate results. 

Suppose now that we have nine cells similar to the one just 
discussed. Let us, for the sake of simplicity, suppose that they 
are exactly equal, and that results come out exactly in accord- 
ance with Ohm’s law. Practically, this never takes place, 
but the discrepancies can be easily accounted for, as they 
originate in the apparatus, or faults of observation, and not in 
the law. Practical results, however, are so near the law as to 
leave no doubt of its truth. T^et us ascertain how these nine 
cells would act when differently i>ut up. One cell, when i/; = 0, 
gives a currtmt GO ; when tc = 1, a curreTit 13.^. Instead of one 
unit of resistance, interpose siiy 15, so as to make up the total 
resistance of the circuit to 15*2, or 70 times the liquid resist- 
ance of one cell. In this case, S = = 1'05. To find 

that such is the case, we refer to the galvanometer, w^here 
we find the needle at l^ Now, GO x tan. 1“ — 1-05 
nearly. Let us now put iip tlie nine cells in succession. 



as in fig. 86. Here the electro-motive force of the whole 
battery is nine times that of one cell, or 144, and the 
resistance of the whole is also increased nine-fold, or 
9 X *2 = 1*8, as the current has in the compound cir- 
cuit to traverse nine times the amount of liquid it has in 
144 

one. Thus, S = = 8*6, more than eight, and nearly 

1‘8 •+■ 15 

nine times the current that one cell can transmit. The galvan- 
ometer will confirm this result as in the previous cases. 
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“ Instead of the tension-arrangement just investigated, let us 
have a quantity-arrangement of the cells as in iig. 87. The 


Fig 87. 


electro-motive force is not increased, but the resistance is nine 
times dimiuislied, seeing that the whole acts as one cell of 

IG 

nine times the surface. Here S = = 1*06, very 

1 + 15 

little more than that given by one cell. Again, put up 
the nine cells as shewn in tig. 88, where we have three 
batteries of three cells eacli, each joining to fonii one current, 
the whole acting as one battery, with the plates lliree times 
48 

enlarged. S = — =3*1, or about three times the 

- 3+15 

current of one cell. Before a larg- resistance, the surface 


is best employed by being cut up 
into small cells, arrangt-d successively, 
than by having a few large ci‘ll8. Beh )re 
a small resistance the reverse holds. 
The maximum effect is got when the 
total liq^aid resistance within the battery 
is equal to the external or interpolar 
resistance. This, of course, is only 
practicable when the interpolar resist- 
ance is less than the resistance of all 
the cells put together. 



Fig. 88. 


When continuous work has to be done by a battery, the 
size of the plates or cells must not be too small, as small cells 
containing little zinc and acid soon become exhausted. Large 
ct^Us do not before great resistance give a stronger current 
than small cells, but they continue in action for a much longer 
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time. The quantity, therefore, on the whole, that a lai^ cell 
gives is greater than that of a small cell, although the quantity 
made to flow by it at a time may not exceed that of the small 
cell. 

97. When cells differing both in electro-motive force and 
liquid resistance are put up successively, we have to add all 
the electi'o-motive forces for the electro-motive force, and all 
the resistances for the resistance of the battery. Thus, if we 
had six cells with the electro-motive forces 9, 8, 7, 10, 6, 12, 
and the resistances J, i> if T2> respectively, the total 
electro-motive force would be 52, and the total resistance 2, 

52 

and we should have the fonnula S = — — . If the last two 

2 -h w 

happened to be reversed and acted in the contrary way, the 
3*1 — 1 s 

formula would be S = ^ , the total liciuid resistance 

2 -i- w ^ 

being the same os before. 

98. Derived Currcnta , — Let (fig. 89j be a rhcomotor whose 

circuit is completetl by tin* wire jxtchK at a and b attach another 

wire, so that from a to 6 another 
couise, adhy is made from a to 
5, then tin* following terms are 
apjdied. The cun’eiit which 
originally parsed through paobn 
/ is called the j^rimitive current; 
that which ]>asses through the 
circuit, including the additional 
branch, the principal current; 
tliat ]>art of the principal cur- 
rent which traverses the course 
ach from a to 6, the partial current ; the other part of it passing 
by adb^ the additional course, the derived current ; a and h are 
the points of derivation, the 'wii-e adh the derived wire, and the 
course acb is the interval of derivation. The principal current 
must be stronger than the primitive current, because the 
additional wire from a to 6 lessens the resistance of the whole 
circuit. It is found that the current passing in the two wires 
is exactly equal in amount to that passing in the undivided 
wires, pa and bn, and tliat the parts of the principal current 
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passing in ach and ojSh are inversely proportionate to the 
resistance each oflfers. Thus, let the principal current be 24, 
the resistance of the interval of derivation 5, and of the 
derived wire 3, the partial current will he 9, and the derived 
current 15. The same would hold if there were more than 
one derived wii-c. 


The Physiological, Heating, Luminous, and 
Electrolytic Effects of the Galvanic 
Current. 

These are developed hy the eiirrent in its path. 

99. Tlic ■^hy.'^iuloaintl ([In'ts, as shewn hy the, convulsions of 
Galvaiii’s fro}^^ ]>reparat ion, were llie first (>hst'rvi*d manifesta- 
tion of the current. Fig. 90 shews liow these convulsions are 
uhtained. The legs of 
a recently killed fn>g 
are skinned, and the 
crural nerve laid bare. 

A zinc wire, BA, lujlds ^ 
np the nerve, at B, uii<l 
a CDjiper wire, EA, i.s 
made to touch the legs 
at E and I). Each 
time tliat tlie zinc, .and eopper ’v\ire is i/iade to join at A, 
the limbs are coiivulst>«h and the contraction of the inusclu 
throws tlie legs (»Mt to the ])ositi(»n ff. Frog-limh.s, a.s 
prejiared hy (Jalvani, when included in a circuit, firm 
a galvanoscope of (xce-^ive .sen.'-ihility, whicli rivals tlie. 
finest galvanometer in delieaev of indication. nuTo is one 
])ecnliarity in their action wliich deserv(‘s to ho noted, n'ho 
limbs contract only wljen the circuit is closed and opened, and 
remain undi.sturhed so h>ng a^^ the current p.asse.s Hteadily 
through tliem. Tlie more freapieutly, therefore, the current 
is stopped and renewed, tlie greater is the physiological eilV ct. 
The same is experienced when a current is passed through the 
human body. AVTien the terminal wires of a buttery are lifted 
one by each hand, except it consist of a very large number of 
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cells, almost the only sensation felt is a slight shock on com- 
pleting and breaking the circuit. Du Bois Reymond, the 
great authority on animal electricity, states that the nerves of 
motion are affected only by changes in the electric tension of 
the current, whereas the nerves of sensation, so far as they are 
affected, are affected not only by these, but also by the steady 
continuance of the current, and that the excitation of the 
nerves dependent on the changes of tension increases with 
their frequency and suddenness. Frictional electricity in this 
way owes its superior physiological power to the instantaneous 
nature of its dischargci. It is only currents of great tension 
which can be felt by the living Biibject. The poles of a 
battery of 50 Bunsen cells, capable of giving a brilliant electric 
light, for instance, may be, liaridled without much incon- 
venience. This may be attributed partly to the non-conduct- 
ing nature of the skin. If the l urreiit enter the body by a 
cut or wound, the sensation Is all'ected even when the current 
is weak. The physiologii al effect is also much heightened by 
inoistoning the, liands with salt and water, or by holding 
metal hamlles instead of wir(‘s, so as to improve the conducting 
connection. Aiiotlier cause of this insensibility may bo 
attributed to the fai’t that the current is not restricted, as it is 
in part of tlu! frog priqiaratipii, to the nerve, but passes 
tlirough all the eonduetors of the system. The nerves of the 
palate and of sight i‘,au l>e aff('cti‘d by a veiy feeble current ; 
those of hearing by a battery of seine 30 cells. If two strips 
of silver and zinc be jilaccd the one above, the other below 
the tongue, and be made to touch, a peculiar taste is experi- 
enced ; when the stri]>s are placed between the gums and the 
cheeks, and joined, a tlash of light accompanies each Junction. 
Again, when the poles of a battery of 30 cells are inserted 
into the ears, a continuous noise is heard. 

100. Heating Effects . — When a current passes through thin 
wires, an intense heat is produced, sufficient, when strong 
enough, to bring them to a wlute heat and to fuse them. 
Experiments on the heating effects of the current are made by 
an apparatus such as that sketched in fig. 91. B is a bottle 
filled with alcohol (which is non-conducting), and closed with 
a cork. The thick wires, n, p, passing through the cork, are 
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connected with the poles of a battery, and within the bottle 
they are joined with a thin spiral wire, wmo ; t is a delicate 
thermometer. When the circuit is closed, 
the heat developed in the wire is com- 
municated to the alcohol, the temperature 
of which is bIicwii by the thermometer. 

It is found that if the wire v'lnr b.- ke]'t 
the same, or of tlie same resistance, the 
heat developed is in proportion t<i ihc 
square of the strength of the cunviit. 

Thus, if a current of streuccth, say 30 B 
units of gas, as .shewn by tlie tangtmt 
galvanometer, i\iis<‘ the contents of the 
bottle 1° in a minute, a <-urrent of twice* 
the strength, GO units, would raise it d'"* 
in a minute. Again, if bv means of a rheostat, by which 
resistance can be introduced or withdrawn from the circuit, 
the strength (*f tin* iuirrent be kept at the same point, ainl 
wires of dill'erent resistance be jmt into tin* bottle, it is 
found that the heat dt'Vehqjed is ]>ioj)ortional to the resist- 
ance of the wire. Thus, .suj>pos*' that wdth a ware offer- 
ing a resistance 1, the contents of the bottle are raised 1® 
per minute, with a wire resisting 2, and tin* sann* current 
strength, the increase W(Uild be 2' j r minute. ITciice the 
heat developed in ion/ rondurtinij ivire ht/ an electric curt'ent is 
proportional to the s'/ifan'; of the stremjths of the currenty and to 
the resistance offeo d luj thr wire, 

Kiinw’ing the si length of the current, the resistance of the 
wire, the weiglit of alcolu l, the increase (>f temperature in a 
given time, we may <letermine the heating powers of the 
ctirrent. If the thin wire offer one B. A. unit of resistance, 
and the strength of the current be 20 electro-chemical 
units, the heat given off will be sufficient to raise 4H2 
grammes of alcohol 1“ C. in a minute. The same heat would 
raise only 337 grammes of w’ater 1" G., for the specific heat of 
alcohol is -^ths of that of water. A current of unit strength 
will, according to the above rule, produce only riijfh part of 
this, or *84 gramme raised 1* C. According to the law 
stated above, the heating effect depends on the strength <jf 


' r 
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the current and the resistance. * Hence a current of a certain 
strength will heat up any length of a thin wire to the same 
amount if the current be kept at the same point. This gives 
us the means of estimating roughly the strengths of currents. 
Currents which can raise a wiie of a certain material and 
thickness to a certain lieat, say a red or a white heat, must be 
of the same strength, the length of the wire heated being no 
criterion of strength, tljough it may be of electro-motive force. 

A very pretty illustration of the fact that the heat developed 
is proportional to the resistance encountered, is offered by a 
chain, the alternate links of which are made of silver and 
platinum. When a current of siilhcient strength passes 
through the chain, the silver links remain black while the 
platinum links become red-hot. 

The application of the heating j^owers of the current to 
igniting gun]K)wder in mining, &c., is detailed in the 
Practical Applications of (^immt Electiicity. 

101. Galvanic Spark— When tin* udres connected with a 
powerful galvanic, battery arc hr< night together, no current 
passes exce])t they an* made to touch, or nearly so. On the 
separation, a brilliant spark takes place, due, as we shall 
afterwards find, to induction (llh). According to Sir William 
Thomson, a battery of 5000 Darnell’s cells could not originate 
a spark, if its ]iolcs wen*. ])laced ^'olh of an inch apart. In 
Gassiot’s water battery of 3520 well-insulated cells, a spark 
passed when the ])iiles were hronght to ’02 of an inch, and con- 
tinued to do so uninten*u]»tedly for weeks and months together. 
When the galvanic spark is exmniiied with a microscope, it 
ia found that tlie light only a]>pears at the — pole. The 
electric light, the most splendid cxhihition of the lighting 
and heating power of the current, will be described under 
Practical Applications. 
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102. Electrolysis (froTu electro^ electric, and lysis^ a dis- 
engaging) is tlni tiTni used Faraday to designate that 
branch uf the science of galvanism which treats of the laws 
and conditions of electro-ehendcil dei ompositiun. As this 
decoiniutfitiou is generalh uttciulcil l-\ t lectro-chemical com- 
bination, it sometimes difii nlt to disllngiiisb electrolysis 
from the more general cui')»**t «)f I'lctlrn chemistry, which 
embraces all chemical changcji resulting in or from the 
galvanic current. Electrolysis h generally nmierstood to treat 
of the changes (‘iliv*te<l in a suhstunce sul>jecti‘d to, but not 
giving rise to tie current. 

Faradays yona m'latnrr . — A snbstauee capable of decom- 
position by the. cuiTcmt is <'alled an chetrolyte (something 
unbound by electricity). The jxjles — viz., tlie wires, plates, or 
the like — by whit h the cuneiit enters an»l leaves the electro- 
lyte are called t7(. h'od ^^i lectric way.s, IVom hffdos, a way), the 
-f ])olc being callt‘<l the anode [ann, up, and hoilos), and the 
— ])ole the cathofo [<'ata, down, ainl hodos). Thti (jonstitiients 
into which the eh-ctrulyte is »h*CMiiip\>M-d arc culled i(ms (from 
ion, going; ; the eh ctn»-j)o.<itive, .Kiihst.iiirc<, or those going to 
the cathode, are called carious; ami On; eh.‘ctro-ni*gative. suh- 
Btauces which go to the aiio.le are < alletl anions. To electrolyse 
signitie.s to decoinpo.-." by eh'Ctric agency. 

General Cluiraeter of EleelrolyUs . — Xo Fubstanco, is dccom- 
posetl by the current so long as it is in a soliil or gaseous 
state, and it must iir-jt be brought tt> a liquid .date, either 
by solution or lusion, before tlie < uirent acts on it. There 
are some uiiinqiortant exceptious to this. The pas.juge 
of electricity through comjiouud gaics in a state of great 
rarity, as in the so-calli-tl vacuum tubes, frefiuently eejiaratea 
them up into their cou.stltuents. The electric spark in air 
effects the combination of oxygen with nitrogen ; nitric acid 
being produced. Electrolytes must be chemical combinations, 
as these only can be decomposed. Metallic alloys, >\heri 
fused, though they conduct the current, are not decomposed 
by it. 


K 
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103. Electrolytes are resolved under the action of the current into 
anions and cations, which appear at their respective electrodes in 
the proportion of their atomic weights or multiples of their atomic 
weights. The action of the current on one or two substances 
will best illustrate the meaning of this law. 


Electrolytes. 

Cumposition. 

+ 

Cations. 

Anions. 

Relative 

Proportions. 

Hydrochloric Acid, 

HCl 

H 

Cl 

1 to 35'6 

Chloride of Sodium, 

NaCl 

Na 

Cl 

23 to 35*6 

Sulphuric Acid, . 

h..,so 4 ; 

H, 

so. 

2 to 96 

Sulphate of Sodium, 

Na.„S 04 i 

Na., 

so. 

46 to 96 

Sulphate of Ammonium, 

(H4N)2,S04 

(H 4 N), 

so, 

36 to 96 

Water, 

11 ./) 



0 

2 to 16 


Thus common salt (NaCI) is com]KJse(l of a simple cation Na, 
whose atomic weight is 23, and of a simple anion, Cl, whose 
atomic weight is 35*5. Sulphate of ammonium is composed of 
two atoms of ammonium (IJ.iN)o as a eomj)lex cation, and one 
atom of sul]>hion (SO 4 ) Jis a com- 
I>lex anii>n. Tlie atojiiic weight 
of ammonium (II 4 N) is 18, and of 
siil])hion (SO 4 ) 9G. It will be thus 
seel) that chemical formulae give 
the (‘h'ctrical as well as chemical 
roinposilion of electrolytes. In 
acids, hydrogen forms the cation, 
and the acid radical, the other 
constituent, the anion. In the 
salts of an acid, the metal that 
takes the place of hydrogen in 
the acid is the cation of the salt, 
and the other constituent, the salt 
radicjil, is, as in the acid, the 
anion. 

The decomposition of water by 
j)latinum plates is always taken as 
the best visible illustration of 
electrolytic action. Fig. 92 repre- 
sents a very convenient apparatus for the purpose. A glass 
lauiin is made so as to admit a cork below, through which 
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two ^dres pass having slips of platinum plate soldered to them 
above. Two glass tubes, open below, are hung over the 
plates, to hooks projecting from an upright support. The 
bowl is filled with acidulated water ; and the tubes, after 
being filled with the same, are inverted, and hung with their 
lower ends enclosing the platen. When the. wires projecting 
downwards from the cork are « ted with the poles of the 

battery, hydrogen rises from tin*. - , anti oxygen from the -f 
electrode, t'i fill each its M‘j»aratc iuIm As the decom- 
position ]»rn'‘eeds, twice as imvh hvtlngin is liberated as 
oxygen. AVhen tlie tubes are filled, they may be removed 
and examined. 

Hydrogen is lu-re fin* type of the metals, or other electro- 
positive sub.Ntaiiccs, di.M'Ugaged at the — iu>le, and oxygen of 
the acid and salt radicals, or other electro- negative substances, 
set free at the + poh‘. Moreover, the ])rof)ortion8 of the 
volumes of the iwo gases being that of tlH*ir chemical com- 
bining volumes, reminds us lli.it, when a body is decomposed, 
its components are alw.iy.'^ separattsl in tlie proportions in 
wliicli they were united, viz., those of th(*ir atomic weights. 
If the tubes of this apparatus weie grailuated, it would serve 
for a voltameter, riatinum ]dates are hen* employed because 
platinum doe.s not enter into combinatnm with either of the 
gases, so that botli are di*Aengaged. Tlie oxygen got by this 
ju’oeess Pinelhs strongly r»f ozone. Tliis shews tliat the gas, 
vlicii electrically set tree, ]»o-s<*N>e..; more than usual chemical 
a<‘tivity, a characti-ristic common to the jiroducts (»f electric 
decomposition. Tltey are K*t fne in what is (*alle<l their 
nasrmt state^ in wlii»h tle v fi»rm <M»mhiuations with other 
substances with more* than usual rea<liiio.ss. 

Secondary Artion . — When the sulphate of copper is decom- 
posed by two cojijier electnides, copper is deposited at the 
— pole, and SO4 (*nters into combination with the co]tper of 
the 4- pole, and neither oxygen nor hydrogen is disengaged. 
AVhen platinum electrodes are used, copjier is deposite<l at the 
one and oxygen is disengaged at the other. The reason is 
this, SO4 does not enter into combination with platinum, and 
when set free acts on the water in whicli the salt is dissoh ed, 
forming oxygen and sulphuric acid. Thus, SO4 + H ,0 ~ 
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H2,S04 + 0. The liberation of the oxygen thus arises from 
a purely chemical action, subsequent to electrolytic action. 
This is called Secondary ActioUy which denotes, as here, the 
action of the liberated ions upon the constituents of the sol- 
vent or substances present in it. Secondary action is well 
shewn by the apparatus that Daniell employed for the electro- 
lysis of salts. This consisted of a voltameter in which the gases 
were collected separately, having a porous diaphragm dividing 
it into two compartments. When such an a])pa5atu8 is filled 
with a solution, say of sulphate of soilium, and subjected to 
the current, oxygen and hydrt)gen are set free, as they would 
be in a voltameter like the one described in fig. 92. At the 
same time soda is formed in the cathode compartment and 
sulphuric acid in the other. Tlie current tlius seems to do 
double work ; it apx)ears at the siune time to decompose water 
and the sulphate of sodium. This double action must be 
attributed to secondary actimi. Sulphate of sodium, Na3,S04, 
is decomjiosed into the cations Na.j and the anion SO4. Naa, 
in the presence of water, becomes Ho<la, KUi-O, and liberates 
hydrogen, thus Na-, + HgO = Na^O -h IL2 ; and SO4, acting 
also on the water, becomes, as already shewn, sulphuric acid 
and oxygen. Thus the sejiaratioii of the constituents of the 
salt is due to elect ric action, and the liberation of oxygen and 
hydrogen to a secondary chemical action. The decomposition 
of water, in an ordinary voltameter, is very probably due to 
secondary, not primary action. If it be charged with xmre water, 
little or no decomposition is elfected, even when the battery 
consists of 30 or 40 cells. On the addition of a few drops of 
oil of vitiiol, the gases are disengaged in abundance. It is 
thus, probably, the sulx)huric acid that is decomx)osed in the 
first instance, and the water in the second. Electrolytic 
action s^dits up H2SO4 into at the - pole, and SO4 at the 
4- pole ; the former is freed, the latter acting on the water 
becomes sulphuric acid again, and liberates oxygen in the 
ivay just shewn. No sulxOiuric acid is lost in the operation, 
but it is constantly unformed and re-formed. It is considered 
by many authorities that water never yields directly to the 
current — ^that it is not, in fact, an electrolyte. With the 
exception of the case of fused chlorides, and when one of 
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the poles is eaten away, and the otlier receives a metallic 
deposit, electrolysis is almost always accompanied hy second- 
ary action, it being frequently a matter of difficulty to unravel 
the primary from the secondary action in the results. 

JVhen there are several electrolytes in mie dficojnposhig cell, all 
are more or less acted upon when the current is strong, but 
when it is weak, the action i-' von lined to the best conductor, 
or to the one yielding nutst re^idily ti» the current. Water, 
the usual solvent, is never de composed di'>*ctly when it holds 
an electrnls’lic salt in soluti.m, the action being expended 
exclu.Mively on the salt. 

104. U’hm there arc stveral cMroIytes e<i< h in diMin^t cells 
in the same circvit. If, instead of one voltameter included in 
the circiiit, w(t have several, we find that, whatever amount 
of gas is liberated in one of these, tht‘ samo amount is 
liberated in all, and that inde]»endent of the size of the plates 
and amount of ac-id in each. We learn, ther<*fore, that the 
chemical jiower of the ♦•urrent is the same at every point of 
the circuit where it is manife.'^tcd. If, instead t)f two or three 
voltameters in the circuit, we had one or two decomposing 
cells of the following description. A test tulx', having a 
platinum wire, on wlii( h the glass has he(‘i> fus(*d, passing 
through the ]»ottom, is partially tilled with jirotochloride of 
tin, which is kept fused by the he. * of a .sj)irit-lamp. The 
platinum wire at the bottom of th<* tube form.s oue electrode, 
ami one descending from the lo]» forms the other, di])ping 
below the fused chloride. If, then, this cell be included 
in the circuit along with the vtdtame.tcr, and a similar 
cell containing fused chlori<le of lead, so that the cuiTent 
enters the tiihe.s l)y tin* upper eh'Ctrodes, and h*av'e.s by the 
lower, the water, protochloride of tin, and chlorid ‘ or lead 
are decomposed simultaneomly by the current passing through 
each. In the voltameter, hydrogen and oxygen aw disen- 
gaged ; in the tubes metallic tin is dep()sited at the i' 0 \(T 
electrode of the one, and lead at the oilier ; whilst c hlorine 
is liberated at the upi>er electrodes of both. If, no\c, the 
quantity of hydrogen, tin, and lead thus set free be weighcsl, 
it will be found that their weights are in the proportion of 
their chemical equivalents — viz., as 1 to 59 to 103. From 
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8 uch experiment® as these, Faraday concluded that when the 
current passes through a series of Unary electrolytes, consist- 
ing of one equivalent of each of the elementary bodies, the 
quantities of the separated elements of the electrolytes are in 
the same proportion as their chemical equivalents. It is not 
only in cells exterior to the battery that this law holds, but 
in the cells of the battery itself. If the battery which effected 
the above decomposition consisted of six cells, for each equi- 
valent of hydrogen, tin, and lead separated without the 
battery, one equivalent of zinc (= 32) in each cell would have 
been dissolved, and an equivalent of hydrogen disengaged at 
each of the copptir plates, if the cells were one-fluid. Hence, 
also, if in any circumstances one cell of say Bunsen’s battery 
gives a current as strong as two cells of a one-fluid arrange- 
ment, the Bunsen cell would eoiisiinie but half the zinc con- 
sumed in the other. Hence tin* economy of cells of great 
electro-motive force. 

Faraday’s law holds also for binary compounds whose 
elements do not stand in the relation of an equivalent of the 
one to an equivalent of the other, but with this modification, 
tliat the weights of i\\QeJcctro-ne(j(ttive elements alone, separated 
in the action, are in the ratio of their equivalenta Thus, if 
the same current j)ass through two decomposing cells, one 
containing a solution of the eubchloride of co])per (OuCl), 
consisting of an (‘(luivalent of copj)er and half an equivalent 
of chlorine, and the other of the chloride of copper (CuClg), 
consisting of an equivalent of each, the same quantity of 
chlorine will be disengaged in both, but twice as much copper 
is deposited in the first as in the second. Had there been a 
compound of cojjper with the formula (CUCI 3 ) containing an 
equivalent and a half of chlorine capable of decomposition, 
we should expect in the same way that for one equivalent of 
chlorine disengaged there would be Ids of an equivalent of 
copper. Becquerel from such instances expresses Faraday’s 
law somewhat to this effect : When the same current passes 
through a series of electrolytes, the weights of the separated 
anions are to each other as their chemical equivalents. The 
anions here mentioned may be either simple or complex, 
although the law at first had reference only to elementary 
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substances. Thus, if one cell contained tribasic phosphate of 
sodium (Na^POJ in solution, and the other chloride of sodium 
(NaCl), one atom of PO4 being equivalent to three of Cl, 
for every atom of r04 set free in the one cell, three atoms of 
Cl would be disengaged in the other. The atomic weight of 
PO4 is 95, of 3(.T 3 times 35*5— viz., 106*5. The cations and 
anions are disengaged in each cell accoiding to the law (103). 

The amount of decomposition effected hy the current is in pro- 
portion to the current strenyth. Tins law has been already 
assumed in the disouhtoion of the voltameter (90). The 
accunicy of this law is somewhat compromised by the fact 
that liquids possess, to a cintaiii extent, the power of con- 
ducting, physically, electricity Avithout electrolytic action, so 
that all that passes in this way is chemically lost. For- 
tnnatdly, the error thus introduced is very small, and can he 
therefore practically disregarded. 

Ekciro-metalluryy . — The application of electrolysis to the 
arts Avill he found in the last section. 


Chronology of Galvanism. 

105. The science cf galvanism dates from the close of the 
18th century. In the year 1780, Chilvani, in making investi- 
gations on the nervous irritability of cold-blooded animals, 
discovered by a< cid*;nt that the limbs of a recently killed 
frog, when hung by the crural nerve on a metal support near 
an electric muchine,, contracted convulsively at the recurrence 
of each spark. This he properly accounted for by thtj back- 
stroke (48). Six ycnii-s afterwards (1786), in experimenting on 
atmospheric electricity Avith frog limbs as delicate electro- 
scopes, he’ obtained, also accidentally, the same convulsions 
by bringing the copper hook on which the nerve hung, and 
the limb itself, simultaneously in contact with an iron railing. 
The similarity of the result led him to attribute it to tlie 
same cause — viz., electricity either existing in the liml) itself 
or produced in the conducting arc of metal. On consid« r- 
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ation, he adopted the former h 3 rpothesi 8 , and looked upon the 
limb as a self-charging Leyden jar, with the nerve as the 
brass knob and wire ; the interior of the muscle as the inner 
coating, its exterior the outer coating, and the metal arc as 
the discharging tongs. He first published his researches in 
1791. Volta, 1792, discarded the account given by Galvani 
of his experiment ; and from the fact that the convulsions in 
question took place Avith more energy when there were tvro 
metals in the conducting arc instead of one, attributed the 
source of electricity to the heterogeneity of the metals em- 
ployed. He maintained that at the surface of contact of two 
diflerent mebds an electric force arising from their hetero- 
geneity is generated, which throws them into ditliTOit tensions. 
This doctrine forms the fundamental juincij-le of the contact 
theory of galvanism. In rejdy to Volta, Oalvaiii jnoved incon- 
testably that the contraction in the limbs of the frog took 
place when only one metal >\.ih employed, and even when the 
conductor w'as not of metal at all. Subset pient discovery has 
proved Galvani to be ]>artlv right, in attributing the cause 
of these convulsions to animal electricity, and Volta also to be 
partly right in attributing them tit elect ricity gmierated by the 
two metals, for both causes juav be at work in producing the 
result. Fabroni, a pr()fi‘ssor at Florence, wils tin* first (1792) 
to suggest chemical action as one of the causes iit work iu 
Galvani’s experiment. Volta did not accept of Galvani’s 
vindication, but supjtorteil his theory by st'veral ai)])arently 
conclusive oxj)eriiiients. In 1799, lu* constructed, as the 
crowTiiiig evidence of the truth of his reasoning, his })ile, and 
with it properly begins the liistorv of galvanism. To Galvani 
is thus due the merit of iliscttvei mg a new manifestation of 
electricity ; to Volta is due tin- merit of displaying in it a 
source of jH>wer of incalculable im])ortam e, and wdiicli, but 
for his genius, might have remained among the barren curi- 
osities of science, ilt-nce it becomes a tpiestioii of some diffi- 
culty to decide to which of the two the science o^ves its origin 
— whether it is to be ealle^l Galvanism or Voltaisni. Priority 
of discovery has leii men geneiiilly to decule in favour of 
Galvani, although Volta has almost equal claim to have liia 
name attached to the science. 
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The first account of Volta’s pile reached England in a letter 
to Sir Joseph Banks by the inventor (1800). A few weeks 
afterwards, Carlisle and Nicholson decomposed water with it, 
and afterwards several salts. They were the first to use 
platinum electroties. Davy, in the same year, traced the 
electricity of tlie pile to chemical action. Wollaston (1801) 
reiterated the same thciorv, anil went tlu‘ length of attributing 
even frictional electricity to chemical a< tioii. He proved like- 
wise the identity of the two electricities'', and shewed that, by 
diminishing the electrodes to mere p(»iiits, the electricity of 
the machine could })r(»duce the t^ame chemical efiects as that of 
the pile. Li 1802, Cruikshank improved the construction of 
the pile, by disposing the plates horizontally in a trough 
instead of vertically in column. The main features of electro- 
chemical decomposition were discnss<‘d by Davy in his famous 
Biikerian Lecture of 1M)6. In 1807, the same philosopher 
obtained for the first time, by galvanic agency, the metals 
potassium, sodium, barium, strontium, calcium, and magne- 
sium. Deluc (1801); lirst made dry ])ile.s of gold and silver 
pa]»er, and these were Jiltered and im])rove(l by Zamboni 
(1812). In 1813, Davy discovered the eh‘ctric light and 
V(jltaic arc by means of the colossal battery then ])laced at hia 
disposal at tlie Loyal lintitutioii. (Ersted (1820) lirst observed 
the actitm of the current on the* magnetic needle ; and a few 
months afterwards, Ampere di.'^* overed tlie law of this action, 
and originated an eh-ctric thcuiy of inagiieL, whicli litis proved 
wonderfully fertile in juaetical results. In the same year, 
Si'hweigger invented tlie galvaimmeler. In 1825, BeC(pierel, 
with the aid of his dilfereiitial galvanometer, inviistigated the 
coiiductihility of metals. Kemj>, in 1820, first used amal- 
gamated zinc fur the galvanic hattery'. In 1827, Ohm gave a 
mathematical theory of the pile, rigiilly <leduced from Volta’s 
fundamental j»rinciple, and in perfect kee[)iiig with c.v)»eri- 
ment. Faraday discovered (J833 — 1834) the defmibi nature 
of electro-chemical decomposition, and jiroved that electifj- 
chemical and clieiui(;al equivalents were idcmtical. Ju 18.30, 
Daniell constructeil his constant battery. 8j)enser in England, 
and Jacobi in Russia, ma<le simultaneously (1837) the discovery 
of electro-metallurgy. Grove (1839) constructed his iiitiic 
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acid battery. Faraday (1840) proved, apparently beyond 
dispute, the truth of the chemical theory. Joule (1840) dis- 
covered the law regarding the production of heat by the 
current. In 1840, Cooper suggested the use of carbon, and 
Hawkins that of iron, for platinum in Grove’s battery. 
Smee’s battery dates also from this year. In 1843, Wheat- 
stone, by means of his rheostat and resistance coils, investi- 
gated the resistances oflered by various conducting substances 
to the current. In the same year Bunsen introduced his 
carbon battery. 

The rivalry which lias all along exi.st(id between the advo- 
cates of the chemical and contact tbeories has been highly 
conducive to the advancement of the science, each party 
calling in the aid of invention and discovery to support the 
truth of their stateineiils. Ani"iig the more distinguished 
coniact'theorists may be nienli'iiuMl YulUi, Bitter, ITalf, Biot, 
Deluc, Ohm, and Kecbner ; .‘md among the cbcniical-tbeori.sts, 
Fabroni, Davy, Wulluston, I‘arrot, l)e. La Hive, and Faraday. 
Davy latterly maintained a theory of distribution and equili- 
brium of electrieity midway between the two, which num- 
bered aimmg its su]»]>orters Jiegi r, Berzelius, Ermaun, and 
Prechtl. 



ELECTRODYNAMICS-ELECTRO-MAGNET- 
ISM-CURRENT AND MAGNETO- 
ELECTRIC INDUCTION. 

These all treat of the action of the cinrent out from its 
path. The first two an* closely allii'd, there being some 
difficulty in drawing the line of demarcation between them. 
With some writers, electro-magnetism includes electro- 
dynamics. 


Electrodynamics. 

Electrodynamics treats of the mutual attractions and 
repulsions of cicrmits on currents^ and currents on magnets. 

106. Currents on Currents. — The fundamental principle of 
current attraction is, that parallel currents in the same direction 
attract, those in opposite directions repel. In fig. 93, the action 
in the first case is shewn, A demding attraction. Hence 
currents, however placiMl, eiuleuvour to put themselves 
parallel, .so as to run tlie same way. From thi.s may be 
deduced the sec.ond principle of cuiTeiit-attruction, that cross 



Pig. 93. Fig. 94. 


or angular currents attract when they hath run from or to 
the point of crossing, hut repel when they run the one fit, the 
other from, the crossing-point The first case is sliewu in 
fig. 94. From this second principle follows a third regarding 
currents that are perpendicular to eacli other, but do not 
cross each other. Let EF (fig. 95) be a current at right angles 
to the current BD, or to a }>hme tlirough it, and lot it ctune 
up near to C, the crossing-point. The currents BD and FE 
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are of indefinite length, or which is the same thing, they turn 
away from their present direction, so far off that the change of 
direction does not affect their action on each other as they 
^ stand. Then, by the second law, 

EF and CD repel, because they run 
in dilferent directions as regards the 
— ya crossing-point. Let this repulsion 

be shewn by the line ac. For the 
^ ^ o]>posite reason BC and EF attract, 

-g » » and let ad represent the attraction, 

gj. then by the ]>arallelograni of forces, 

the combined effect will be equiva- 
lent to the single force ah^ which is parallel to BD. 
Hence, whtin onu current u perpendicular to another currevtf 
or to a plane passing through if, the former current is moved 
backwards and parallel to the latter when it runs towards it, 
and forwards when it runs from it. 

107. TJiese thiee laws givr us flu* means of unravelling the 
various actions tif cme ciiiTent on another. The first two may 

b(* experimentally illustrated 



d 


by an aj>]>aratus such as that 
shewn in iig. OC. The rect- 
jmgh* edrf is movable round 
the ]»ins a and ?), resting on 
two mercury clij>s, which 
act as binding screws to 
comphte contact. The 
arrangement is such that 
while the rectangle edef is 
movable about its axis, 
a i-urrent can continue 
steadily to flow in it. 
Further descrii)tion is un- 
iieeessiiry, as the diugi’am 
exjilains itself. It can be 


Fitf. ys easily understood, that a 


wire conveying a current 
may l>e placed, with regard to the different parts of the 
rec.tangle, so as to illustrate the two first laws. Thus, if a 
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wire conveying a downward current be brought near to cd, 
so as to be parallel to it, attraction will take place ; if it be 
presented to /e, repulsion will ensue. A current-wire held 
horizontally with respect to cd can be placed so us to make 
the currents both tend to the crossing-point between them, 
or the opposite, so as to illustrate the second law. It may 
be objected, that in this apparatuff we cannot examine the 
effect on one part of the current wnthout also taking in tlie 
other parts of the rectangli*, but these last may be made to 
stand comparatively so far oil as not to affect the main result. 

108. The third law may be shewn by an apparatus such 
as that in fig. 97. A is a small circular trench containing 
mercury, surrounded by a i-oil of iusidated copper wire, ww» 
The metal rod, BH, is sur- 
mounted by a small cui> of 
mercury. A light coj)per wire, 
fcard, is poised on a fine ]»oint 
in the cup ?i,and its lower ends, 
d, dip into the mercury of 
the trench. The ciivuit is .so 
arranged that the current enter.s 
at W’, traver.se.s the coil, i)a'-scs 
to BB (coniie(.tion not shewn), 
which it ascends, at tin* cup 
entering the (H)pper win* it 
splits into two blanches, de- 
scends along ah and cd to the 
mercuiy, ami leaves tinally for 
the battery at o. As .‘ioon as 
the ciicuit is clo-t'd, the wiie 
hacd enters into constant rotation. In the coil tlie 
cuirtnt move.s contraiy to tlie hands of a watch; tlie wire, 
uci idding to the third law', moves backward upon it in 
tile <ii lection of the bands of a W'atcli. In the figure tlie 
hoii/oiital parts of the current na and nc are so far above, 
tlie cm rent as to aff ect the motion slightly, if at all. Bul if 
the up light branches ah and cd were bliort, so as to leave 
the inoiion almo.st entirely to na and nc, the wire would 
still rotate as before, for the currents na and nc are also 
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perpendicular to the current of the coil, though in a different 
hut parallel plane, and both run towards it, thus standing in 
the same relation as before. If the current be reversed, 
the motion of the wire is also reversed. 

109. A curious consequence is considered to follow from 
the second law — namely, that since two parts of a straight 
line may be regarded as* standing at a very obtuse angle to 
each other with reference to a point in it, any point in the 
straight line may be look(‘d upon as the crossing-point of its 
two parts. As at the point taken we find the one part of the 
current approaching the other leaving it, the two parts of the 
current repel each other. Hence the various parts of a current j 
in a 8trai(jht line^ repel each other. Faraday, in illustration ot 
this, bent a wire in the fonn of a horseshoe, and made each 
end of it dip into a separate ves«:el containing mercury. The 
wire was ]>artly supported by the mercuiy, and ]>artly by the 
beam of a delicate balance. AVheii the ]>oles of a battery are 
put into the vessels the win* lose.s weight, from the repulsion 
of the mercury conveying the same current as itself. This 
ex23erimciit, it must be confessed, not quite decisive, as the 
repulsion may arise from the j)e<’uliiir action of a fluid on a 
solid part of the circuit. The mutual action of currents on 
^ch other was first eluchlah'd by Anqiere. in 1825. 

^ 110. Currents on MarfueU. — Th(‘ mutual attractions and 
repulsions of currents and maumets will h<* best understood by 
following Faraday’s first experiment on the subject (1821), 

whi(’h we shall here 

quote. Let NS (fig. 98) 

be a inaguet, moving 
round its centre C, and 
let the round black dots 
represent the section of a 
wire, conveying a current peqicndicularly to the needle. 
The upright wire is so long that the wire, when it changes 
direction, has no effect on the needle. Suppose we look 
down on the needle, and that the current is npwards. 

Then in the positions, A, A', a, a', the needle is attracted 

by the current; in K,R', r,r', it is repelled. At N and 
S, if placed there, the wire produces no effect Faraday 


ST- 


a ^ fr- 



ELECTRODYNAMICS. 


175 


coRclttddd, from tlxis siugular action, that if the poles were 
fixed the wire would rotate round the north pole in the 
direction RAra, and round the south pole in the direction 
R'AV'a' ; and that if the poles were free to move about the 
fixed current, the north pole would rotate in the direction 
shewn in the circle NB. Experiment verified this conclusion. 
Before proceeding to detail the manner in which he effected 
these rotations, we may note the tliivctions in which these 
rotations take place. If an observer be placed at tlie north pole 
of a magnet j parallel to a movable current, so that the current 
is seen by him to flow nptvards, the rotation of the current 
round the pole would appear to him to he from right to left; 
and to an observer placed in a fixed current, tvith the current 
entering at his feet, the north pole of the magnet would appear 
to him to move round him from right to left. This last is only 
another way of stating Ampere’s rule. The directions for 
the south pule are the reverse. The apparatus by which 
Faraday actually effi'cted these rotations was as follows. 
M and N (fig. 91)) are two 


vessels containing mercury, 
with wires entering them 
below, so as to efh*ct their 
communication with the 
poles of a hatlcry ; h U a 
small powerful magnet, tied 
by a thread to the 'Nvire at 
the bottom ; F is a magnet, 
fixed to the bottom of the 
vessel N ; d is a c<»p]H‘r 
wire, hung by a metal hook. 



When the current passes, 


rig. 9&. 


as in the figure, the movahhi 


magnet b rotates round the fixed wire e, and the n un able 


wire d revolves rounrl the fixed magnet F, in the diiv tion 
according to the rules just given. If the upper ends of F 
and h be south poles, the rotation of b will he in the same 
direction as the hands of a watch, au4 of d in the o])}) 08 ite 


way. 

111. Law of Electro-magnetic Rotations, — Biot and Savort 
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have stated the law of electro-magnetic rotations thus. 27t« 
force with which each element {email part) of a current acts on a 
magnetic pole, stands at right angles to the plane passing 
through the element and the pole, and is always inversely 
proportional to the square of the distance. If such bo the 
action of a current on a pole, the pole must act in the 
same way on a current. This law gives the mutual action 
of a current and one pole, but it may be so placed that 
both poles affect it. The direction, in this case, of the joint 
action of both poles is that of the line of magnetic force at the 
current (2). Hence in any magnetic litdd, each element of a 
current, when free to movcy is urged in a direction at rujht angles 
to the lines of magtieiic force. Am] >i ‘re’s figure iii the current 
(entering at his feet), looking to the north }>ole, will be urged 
towards the right. 

112. Action of the Earth on Currents. — Tlie lines of magnetic 
force on the earth’s surfae.e aiv parallel to the dipping-needle, 
and currents have a tendem y to move at rigid angles to them. 
In order to ascertain the acti»>n (Ui any portion of a e.urrent by 
the hues of magnetic force, we have siinjily to jiroject it on a 
plane at right angles to the lines of hn’ce or to the dipping- 
needle. If the line to be ]m»jected lios at riL'ht angles to the 
dipping-needle, then its projection on tlie ]>laiie will be of the 
some length os itself, and the action of the earth-magnetism 
will be to urge it ]»er])eialicular to the lines of force and to 
itself, and in a direction determined by the jiosition of the 
poles of the earth to it. If the line be parallel to the lines of 
force, then its projection will be a ])eint or the section of the 
wire ; and as there can be no jHirju*ndic\ilar to such, it is inani- 
fost that the line in this position has no tendency to disjdace- 
ment under magnetic influence. The force of terre.strial 
magnetism on it is null. A line between these two positions will 
appear shortened wiieii i>roj(‘cted on the jdane, and the direc- 
tion in which it is urged will be indicated by the perpendicular 
to the projected line. The shorter the line becomes in pro- 
jection, the less it is exposed to the displacing influence of 
terrestrial magnetism. 

Let us apply the piinciples just stated to the case of the 
revolving w'ire, fig. 97, w’^hen the coil is placed out of the 
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circuit Let us suppose the lines of magnetic force resolved 
into two sets, horizontal and vertical lines, as in art. 17. 
Let us confine our attention to one half, noft, of the wire. 
The vertical lines of force have no influence on the vertical 
part, 6a, because it is paridlcl with them, and its projection on 
a horizontal plane would be a pfiut To »a, whatever position 
it occu]>ies in its circle of o/t iiion, the vertical lines will be 
at right angles, and exert their full force on it. na rotates 
in presence of the north j'oh; (»f tli * twih. wldch, according to 
our way of speaking, is a south pole ; it will therefore rotate 
contrary to tlie hands of a watch. Let ii> now see how the 
horizontal liiu*s ac t. ah stands always j)t‘rpendicular to them, 
whatever be its position. It will ac«‘.ordingly be urged to the 
right as far as it can go, which is in a jMKsition in which it 
lies east of BB. Here it. will be iii stable, eijnilibrium, and 
it w^ill resist ludiig moved w’cstwards one way or other. In 
this position na would be urged upwards by the horizontid 
lines, which, from its mode of suspension, cannot take place. 
The effect of the liorizontal lines on na is to move it down- 
wards in its we.>t, and upwanls in its east i)osition, but not 
to iuterfere with its motion in a horizoiihil plane. In the 
position in w'hi(di nah .stands east of BB, it Ixtcomos a question 
of strength wliether na shall carry it on, or ah keep it stauding. 
If it is to rotate, ah must he made .sliortt*r than na. If both 
halves be now taken into account, cd and ah will have a 
tendency to }dac«* themselves bi»tli east of BB ; they will 
therefore counteract each otlier, and leave, tlie motion of the 
wire to na and wc, winch will keep it in constant motion. 

On a closed circuit, hik h as that of fig. 9(», the effect of 
terrestrial magnetism will ])e to jdace the jdamt of it at right 
angles to the magnetic meridian. The liorizontal parts will 
have no effect. The whole wdll be left to the vertical currents, 
which, passing the one iip the other dowm, will place them- 
selves, cd to the east, tf to the w'est. It is from the couflicting 
action of its parts that a closed circuit, as a whole, cannot con- 
tinue to rotate in a magnetic field. 
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Electro-magnetism includes all phenomena where magnetism 
is produced by an. electric current. In the description of 
galvanometers some of the principles of electro-magnetism 
have been already discussed. 

113. Amperes Theory of Magnetism . — This tlioory forms the 
link between magnetism and cinrent electricity, and gives a 
simple explanation of the electric action and constitution of 
magnets. Amj)ere consi<le.rs that every pcirticle of a magnet 
has currents circulating al»out it in the same direction. A 
section of a magnet, accordiiiij to this theory, is shewn in 
lig. 100. All the separate cur- 
n-nts in the various j)articles 
luay, however, be considered 
to be (M|uivalent to one strong 
<’u Trent cirtnlating round the 

Fi«. 100 . Figriui. We are to 

look ii]M>u a magnet, then, as 
a system, so to speak, of rings or rectangles, placed side by 
side, so as to form a cylinder or ])rism, in each of 'which 
a cuiTeiit in the* same direction is circulating. Before 
magnetisation, the currents inn in dilVerent directions, so 
that their ethn-t as a system is lost, and the effect of 
induction is to bring them to run in tlie same direction. The 
perfection of iniignetis.*ition is to render tlie various currents 
parallel to each other. S<»lt iron, in consctiuence of its 
offering no resistance to such a disposition, becomes more 
powerfully magnetic under induction than steel, where such 
resistance exists. 

Experiment very strongly confirms the truth of this theory. 
Helices of copjicr vire, in which a current is made to circulate, 
manifest all the properties of a magnet. Such are she'wn, in 
skeleton, in figs. 102 and 103. Each convolution of the spiral 
may he taken as a substitute for one of the rings above spoken 
of. In helix, fig, 102, the current, after entering, goes from right 
to left (coutraiy to the hands of a watch), and it is hence called 
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left-handed ; in fig. 103 it goes with the hands of a watch, and 
is right-handed. Tlie extremities of both helices act on the 
magnetic needle like the poles ol a magnet while the current 



r.K. 102 


passes. The polos are sli' W n by ilu* 1 fteis "N' and S, and this 
can be easily deduced iroiii Aiujumc ’-^ ni’.o ; for, suppose the 
little fi^uio uf a man to ])v‘ placed in any jjail of the helix, fig. 


N 



Fw 103. 


102, so that wliile he hu»ks towards the axi.s of the helix the 
current enters hv his leel, and h-aves by bis liead, the north 
pole will be at his left hand, as shewn in tlie ligure. In the 
left-handed helix (lig. 103), the poles are reversed accoffling to 
the same rule. Or, if we .snp]io.se the ligiin; to lie in tlie axis 
of the inagin-t with Ids b^ot to tin* .soulli, ainl his liejid to the 
north pole, tlie current of tin* lidix, or the molecular currenta 
of the magnet, a]>pear to liim to run Iroin right to left, or 
contrary to the hands of a w'alcli. In fact, a single ring, a.s 
W'ell as a sy.steiii of lings, conveying a curicnt has magnetic 
sides, that being north on which the current ajipeai's to go 
contrary to tlie hands of a walcli, and that soiitli on which it 
moves witli tlie hands of a watch. If either of these helices 
be hung so as to he capable of ]i(,riz<iiital motion, which 
by a simple construction can easily he done, as soon as 
the current is established the north and south poles place 
themselves exactly as tho.se of the magnetic needle \\»>;dd do ; 
or if they W'ere hung so as to be able to move veiiically 
in the magnetic meridian, they would lake up the po^-itiou of 
the dipping-needle. WTieu the helices are so bung, the wires, 
going in a spiral to the end, must be brought back again in 
a straight line to the middle. When they are so constructed, 
they receive the name of solenoids. It is found by experiment 



180 


BLECTRICITT. 


that a sinuons current destroys the effect of a straight current 
of the same length as its axis. The longitudin^ effect of 
the solenoid— that is, its action in the line of the axis — ^is 
null, as the effect of the straight current going out from the 
middle is neutralised by that of the sinuous current returning, 
and vice versd. The magnetic properties of the solenoid are 
thus due solely to its being a system of parallel currents. 
Weber has shewn that coils of wire act on each other not only 
in kind but in amount as magnets do. 

Ampere’s theory explains very satisfactorily why like poles 
repel, and unlike attract. Figs. 104 and 105 shew this. Two 
north poles near each other (fig. 104) have opposite currents 
on their adjoining side, and repel each other in consequence 
(106). A north and a south have similar currents, and attract. 



Fig. 104. 


Fig. 105. 


If the north pole of a magnet were placed parallel to BB 
in fig. 97, the coil being left out of the circuit, the rotation 
would take place as she\^ui in the figure ; if the south pole be 
put in tlie same place, the motion of the wire wnll he reversed. 
According to Ampere’s theory, it may he also easily explained 
why a closed circuit rests in e(juilihrium at right angles to the 
magnetic meridian, and wliy tlie axis of a magnet which lies 

111 the axis of a series of 
such closed circuits places 
itself in the meridian. The 
earth, being a magnet, has 
currents circulating about 



it, which must he from east 

jog to west, the north pole of 

the earth being, in our 
way of speaking, a south jiole, A magnet, then, will not 
come to rest till the currents moving below it place them- 
selves parallel to and in the direction of the earth’s currents. 
This is shewTi in fig. 106, where a section of a magnet is 
represented in its position of rest with reference to the 
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earth-current. The upper current further away from the 
earth-current, is less affected by it, and it is tlio lower current 
that determines the position. A magnetic needle, therefore, 
turns towards the north to allow the currents moving below 
it to place themselves parallel to the earth’s current. 

114. Electro^magnets. — Pe.rhajH the strongest proof of the 
truth of Ampere’s theory is the fact that when a current wire 
is coiled round a piece of soft irori, th(i iron becomes for the 
time powerfully magnetic. The geiiei.tl form of uii electro- 
magnet is shewn in lig. 107. 

It consists of a round bar of 
soft iron bent into the horseshoe, 
form, with an insulated wire coiled 
round its extremities. When a 
curreut passes through the coil, the 
soft iron bar becomes instantly 
imignetic, and attracts the annatnre 
with a shar]) click. When the 
current is stopped, this ])owcr dis- 
appears as suddenly as it came. 

Electro-magnets far outrival per- 
manent magnets in strength. Smal 1 
electro-magnets have been maihi 
by Joule whi<5li support 35()f) times 
their own weight, a feat immeasurably superior to anything 
performed by steel magnets. When the cniTent is of moderate 
strength, and the iron core more than a third ()f an inch in 
diameter, the moffiwtum inditced is in proportion to the strength 
of the current, and of the number of turns in the coil. It is of no 
importance whether the coils he placed all over the magnet or 
accmnulated at the ends. Wlien the bar is thinner than one- 
third of an incli, a maximum is soon reached bey«md which 
additional turns of the wire give no additional magnetism ; 
and even when the core is thick, the advantage gained by 
increasing the number of coils may be lost by the lorig circuit 
reducing the strength of the current. The maximum that 
can be reached is, in different magnets, proportional to the 
area of section, or to the square of the diameter of the core. 
It is found also, when the mass of the armature is equal to 
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that of the core, that the weight which the magnet sustains 
is in proportion to the squares of the strengths of the currents. 
The length of the electro-magnet has no other advantage than 
that of insulating the poles, the one from the other. When 
the core consists of a bundle of insulated wires, it is capable of 
greater magnetisation than when it is solid. The rust that 
sooner or later fonns on iron -wires is sufficient insulation. 
The electro-magnet, from the ease with which it is made to 
assume or lay aside its magnetism, or to reverse its poles, is of 
the utmost value in electrical and in(‘chanical contrivances. 
That the electro-magnet may quickly accjuire, and as quickly 
lose its magnetism on closing and breaking the circuit, it is 
necessary that the iron be perfectly pure or soft, and well 
annealed. It is also necossary that the armature be kept just 
short of touching, for when it is in c.ontact, a residuum of the 
induced magnetism lingers in it and in tlui core after the 
current stops. Under current iinluction the various molecular 
current8,accoi‘ding to Anipere’s theory, ]>lac(*them8<‘lves parallel 
to each other, and act powerfully in concert. The direction 
of the current and the nature of the coil b(;ing known, the 
poles are easily determined by Ampere’s rule. 

115. Magnetic Tick . — Wljen an iron rod is made to rest on a 
sounding-board, such as the body of a fiddle, and placed in the 
centre of a pow'ei ful coil, eac h time the current is broken a 
distinct tick is heard from the. rod. If a tile be placed in the 
circuit, so that a wdre when it slides along will alternately 
close and open the circuit, the rasping noise of the wdre sliding 
along the file will be distinctly rendered by the rod, each 
interruption giving rise to a ti(‘k ; the series of ticks being in 
the same order exactly as the series of noises at the file. 
According to W ertheim, the tick is due to the sudden shorten- 
ing which the rod experiences on being demagnetised. He 
shewed that at magnetisation the rod was lengthened but very 
slightly. According to Joule, if the rod be magnetised to 
saturation the lengthening amounts to length. 

The tick is heard more distinctly if, instead of the rod, a piece 
of thin sheet-iron be rolled up so that its edges just overlap. 
The application of this magnetic sound to the conveying of 
musical soimds, is described under Telephone. 
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Current Induction. 

116. The fumlamental law of current induction may be thus 
shewn. Two long copper wires, pp (fig. 108) and ss, ore fixed 
so as to be parallel and to ea* li other. The extremities 
of the one, pp, are in connection w itli the poles of a galvanic 
battery, E, and those of ilie other, >uth the binding-screws 
of a galvanometer, G. Tin- instant the circuit of the battery 
is comjdeted, and the curr*-nt sent along pp, a current in the 
opposite direction is induced in the wire s.s’, whicli is shewn by 
the deflection of the needle of tin' galvsinoincter. This induced 
current is only nionienhiry, for though the current continues 
to circulate iu pp, the iiecille soon falls back to its original 
position of ri*st, and the wire ss gives free jiassage to other 
currents, and appears to be m no way alfected. If, now, when 
the needle is at rest, 
the battery circuit be 
broken, and the cur- 
rent ill pp stopped, 
another momentary 
current is indic^itcd 
by the galvanometer 
needle, but in tliis case 
in the same direction 
as the inducing current The inducing w ire and current are 
called primanj^ and are so di't inguldied from the induced 
wire and current, which are t'rnicd secondary. 'liie passive 
condition of the wire while thus under induction has been 
<lescribed by Faraday iis electro-tonic. An electric throb, so to 
speak, marks tlie setting in of this state, and another its 
vanishing ; the former in the opposites direction to tbiit of the 
inducing current, and the latter in the same directi<.ri. If the 
primary wire, jtp^ be movable, so that it can be suddenly 
brought near to, and withdrawn from the secondar}', ss. while 
the batteiy current passes steadily, currents are induced ;ls in 
the former case, the approach of the wire being marked by an 
iiUicrse current^ and its witlidrawal by a direct one. As long, 
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however, as the primary wire remains in any one position, all 
evidence of electricity in the secondary wire disappears ; but 
if in this position the strength of the primary current should 
be increased or diminished, momentary currents in the 
secondary wire would again mark the changes in the primary, 
the increase causing an inverse, and the decrease a direct 
current. Hence we conclude, that a current which heginSf a 
current which ajjproacheSj or a current which increases in strength, 
induces an inverse momentary current in a neighbouring conduct- 
ing circuit, and that a current which stops, a current which 
retires, or a current which decreases in strength, induces a direct 
momentary current in a neighbouring circuit For inverse, the 
word negative, and for direct, the word positive, are frequently 
employed in reference to induced currents. 

117. In experiments like the alKwe,it is much more convenient 
to wind the ])rimary and secinidary wires side by side round 
a bobbin, so as to form a coil, 
as in fig. 109. The wires are 
insulated from (*acli oth(‘r by 
a covering of wool or silk. 

Not only does such a disposi- 
tion admit of very long wiies 
being used, but it also disposes 
the wires employed to greatt*r 
advantage, for each single turn x 

of the primary udro acts not 
only on the corresj)oudiiig turn 
of the secondary wire, hut on 
all the turns near it. The inductive effect of such a coil is 
much greater than that which would be obtained by the some 
e.\tent of wires running side by side in a straight or crooked 
line. It is not even necessary that the two wires be wound 
round together ; each may be wound on a separate bobbin, and 
the one placed inside the other, as in fig. 110. The primary 
coil, P, here represented, is made of wire -r^^th of an inch in 
diameter, covered with wool ; and the secondary coil, S, of 
silk-covered wire, about -^th of an inch, and much longer than 
the primary wire. With two such coils, the illustratiou of the 
preceding principles of induction can be conveniently given. 
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If the primary coil be placed in the circuit of a galvanic cell, 
by two loose and flexible wires, so as to allow of its easy 
motion, and if the terminal binding-screws of the secondary 
coil be placed in comiection with a galvanometer, when P is 
inserted into S, a momentary inverse current is indicated, and 



Fig 110. 

when it is removed, a momentary direct one ; or if, when P 
remains in S, the strength of the ]u»iuary current be altered, 
the needle announces tlie induction of currents according to 
tlie principles stated above. In order, however, to obtain the 
greatest effect from the secondary coil S, it is necessary, whilst 
P remains within it, to have some means of continuously 
completing and breaking the primary current. A contrivance 
fof this purpose is culled a rheotomej or current-break. A simple 
rheotome may be made of a (common file, by holding one wire 
from the battery against the end of the hie, and running the 
other along the teeth, the cun-eiit being 8toi)ped each tine the 
wire leaves a tooth. In this way, a rapid series of inter- 
ruptions is effected, each of which is attended by an inverse 
and a direct current in the secomlary wire. A break of the 
same description, but more constant, may be also made by 
causing a metal spring to press against the teeth of a metal 
w'heel, both spring and wheel being connected with the 
battery. As the wheel is turned by a handle, the spring 
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breaks the contact each time it slips from one tooth to another. 
The most convenient form of break, however, is one which is 
made self-acting by the action of an electro-magnet, which 
receives the name of a magnetic hammer. One form of this 
instrument is shewn in fig. 111. 

118. Quantity and Tension of Induced Currents. — Let us place 
the coil P within S ; let P, along with a self-acting rheotome, 
be put in the circuit of a galvanic cell, and let S be connected 
with a galvanometer. The interruption in the primary 
current being effected by the rheotome with great rapidity, the 
induced inverse and direct currents are sent with correspond- 
ing rapidity through the coil of the galvanometer. If this last 
be of a short and thick wire, so as not to tax the tension of 
the current transmitted, the induced currents will not deflect 
the needle ; or if they should happen, through the unsteady 
action of the break, to do so, it only oscillates round its 
position of rest. This proves that the quantity of electricity 
transmitted by the induced inverse and direct currents is the same^ 
for they each exert the sauie influence on the needles. But il 
the coil of the galvanometer consist of a long line wire, the 
needle is kept deviate<l in a direction which argues the action 
of the direct current. This leads us to conclude, that both 
currents^ though equal in quantity, are unequal in tension, the 
direct current having the highest tension, for it has more power 
to force its way through the tine wire of the galvanometer than 
the inverse. Other proofs of the same ]*rinciples may be easily 
furnished. 

It is found that the electro-motive force of current induction 
(other things being the same) is proportional to the strength 
of the primary current, and to the number of turns in the 
secondary coil, hut is independent of the conducting power of 
the metal of the secondary wire. 

The difference of the tension of the two induced currents 
is accounted for in this way : when a change takes place in 
the primary current, the quantity of the electricity induced 
by it in the secondary wire is the same whether this change 
takes place quickly or slowly ; the tension, however, is very 
different When the change takes place slowly, the total 
quantity of electricity in circulation continues to pass as 
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slowly, and there is little in motion at one time ; but when 
tlie same occurs quickly, it is sent with momentum, so to 
speak, and the quantity in circulation at one time is as much 
greater, in comparison with the former case, as tlie time is 
shorter. It is this quick dispatch of electricity which consti- 
tutes the tension of the current. Now, as it takes some time 
before the primary current is fully established, the inverse 
induced current is slow and of low tension ; but when the 
contact is broken, the primary curie nt ceases much more 
suddenly than it bej^an, and the direct induced current is 
quick and of liigh tension. This view of the matter is borne 
out by experiment, for it is found tliat ivhatever favours fM 
suddenness of the chaiigrs of the ‘primary current^ heightens the 
tension of the currents induced by these changes. The break, 
from this circumstance, forma an imi)ortant element in the 
construction of all induction ajiparatus. 

Iron Gore of Primary Coil. — The inductive power of P, fig. 
110, is immensely increased by ]uitting a bar of soft iron in 
the heart of it, or, better still, a bundle of iron wires. The 
iron wires must be insulat(‘d, which is sutliciently effected by 
the rust that gatluirs on them. In a solitl bar, currents are 
formed which imjiedc the amhlen cessation of the primary 
current. These, .however, cannot be formed in the bundle of 
insulated wir(*a. For the same reason, no tube of metal must 
be used in the const l ucthm unless it have a longitudinal slit 
in it, making the 8<‘ction of the tube a broken ring. The 
use of this iron-wire c<ue in all induction ap])aratus, 
makes their effect more attributable to magneto-electric 
than purely current induction. The excitation of magnetism 
in the core is the princijial aim of the primary coil, and as a 
strong current is essential to that object, it is made of tliick 
wire and of moderate length. In the secondary coil, the 
tension of the induced current alone is aimed at, and with 
this view it is maile of as thin wire as can be made, so as to 
admit of as many turns as possible being brought within tlie 
influence of the core and primary coil. The electric confor- 
mation of the secondary coil is sometimes looked upon in the 
same light as that of a galvanic battery. The total electro- 
motive force of the coil is the sum of^that of all the turns in 
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it, in the same way that the electro-motive force of the 
battery is proportionate to the number of cells. 

119. Extra Cvrrent. — ^Not only does a galvanic current induce 
electricity in a neighbouring circuit, but it also acts induc- 
tively on itself. When contact is broken in a battery circuit, 
the galvanic spark is seen. When the wire is short, the spark 
is feeble, but it increases in brilliancy with the length of the 
circuit, and this becomes particularly observable when the 
wire is wound round in a coil. This certainly does not arise 
from the current being strong with the long wire, and weak 
with the short one, for quite the reverse is the case, as might 
be shewn with the aid of a galvanometer. Tlie real cause of 
the superior brilliancy of the galvanic spark with the long 
circuit is to be found in the indindioii of the primary current 
on the various parts of itself, ex<itiiig, as they are called, txtra 
currents in the primary wuie. It has been fully attested by 
experiment, that at the instant a galranic current begins and 
ends^ extra currents are induced hy the action of the several 
farts of its circuit upon ecu'h other ^ that at the beginning 
of the current being inverse, and that at the end direct. 
As the extra current inverse acts o]q>()site to the main 
current, it does not a]>pt*ar .as a separate current, but only 
retards the instantaneous juissagc* of the main current. The 
extra current direct succeeds the main current, and has 
consequently a separate* existence. It is wiiat is generally 
referred to when the extra curjvnt is spoken of. This extra 
current is of niucli higher tension than the original current. 
The effect of the extra current on the direct induced current 
of the secondiiry coil is to lessen very decidedly its tension. 
If a way be made for the extra current, the tension of the 
induced current falls prodigiously. In a large coil-machine, 
which gives freely sparks of one or two inches in length, when 
the two portions of the break are joined by a thin wrire, so as 
to allow the extra current to pass, sparks will not travel 
between the two poles, however near they are brought. When 
no such communication exists, a portion of the extra current 
leaps over between the separatiug parts of the break, and in so 
diminishes the intensity of the secondary current. The 
condenser of the coil-ma^ne, to be afterwards described, has 
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for its object the absorption or suppression of the extra 
current, but the manner in which it effects this is not yet 
properly explained. The prejudicial effect of the e:rtra 
current on the induced current is easily understood, when we 
bear in mind that it prolongs the cessation of the magnetism 
of the core and of the current in the primary coil, and thus 
impairing the suddenness of this change, reduces the tension 
of the induced current 

120. liiduction Coil . — The essential parts of this apparatus 
have been already described in detail. A primary coil with 
its core of iron wii’e, and a secondary coil exterior to, and 
insulated from a primary coil, form tlie main portion of the 
instrument. The primary coil is connected with the poles of 
a galvanic battery, and in tlie circuit a rheotoine is introduced, 
to effect the interruptions of the current essential to its inductive 
action. A commutator and condeiuser are also essential ports 
connected with the primary circuit. 

The rheotoTn^ is shewn in fig. 111. A is an iron plate, into 
which the ends of the iron wires forming the core are fixed, 
and which serves as an anvil for 
the hammer II. H has for its 
shaft the stiff spring D, which k(‘eps 
p back, and also forms part of the 
primary circuit, p is a little pro- 
jecting nipple tipped with ]»latiiium, 
e is a screw, the end, p\ of which 
is also tipped with platimim. C, 
an upright brass stajidard, also 
forms part of the circuit. When 
the circuit is closed, A becomes 
magnetic, and draws away H from 
p'. The primary circuit fonnerly 
closed at p and p' is now broken. 

A loses its magnetism, and H, Pig. m. 

under the influence of the spring D, 

is taken back to p'. The circuit is again closed, A again 
becomes magnetic, and thus H is kept oscillating with grwit 
rapidity between A and p', alternately opening and closing the 
primaiy circuit & is a screw giving to D the necessary stiffness. 
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The comTMitator consists of a cylinder of ivory, with 
two brass plates attached to its sides, moving on a brass 
axis, supported by two brass standards. One axis does 
not go through the whole way, so that two distinct pieces of 
brass serve as an axis. One of the standards is connected 
with tlie +, the other with the — pole of the battery. Each 
plate communicates with one of the standards, so that the 
plates form the poles. A Bi>ring presses against the cylinder, 
either on the plates or on the ivory. These springs form part 
of the circuit ; when the springs press against the plates the 
current flows, when the plates are reversed by a handle 
attached to the cylinder, the cuiTent is reversed. 

The condevser consists of several sheets of tinfoil and oiled 
silk, laid alternately the one above the other. The first, 
thii'd, fifth, &c. sheets of tinfoil iir(‘ coniLected by strips of the 
same material; so are the second, fourth, sixth, &c. ; the 
whole forming a condensing apparatus like a Leyden jar, 
the odd sheets fonning the one coaling, and the even sheets 
the other. Each set of sheets is coniiect('d with one of the 
wires of the prinniry coil. The coinlenscr & generally placed 
in the sole of the instrument, and does not meet the eye. 

An induction coil, as const ru< ted by Ladd of London, is 
represented in fig. 1 12. The forms under which the instrument 



Far. 112. 

appears are very various, and the one in the figure only -serves 
to shew the general requirements in its construction. The 
two binding-screws, p and «, are for the battery wires ; C is 
the commutator. The two coils, W, lie horizontally on the 
•ole of the instrument, S. The secondary coil alone is seen, 
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the primary being within it and out of view. The breaking 
hamm er, being behind the coil, is likewise not shewn. The 
condenser is contained by the box which constitutes the sole^ 
and a conducting connection is established between its coat- 
ings and the wires of the primary coil. The terminations of 
the secondaiy coil are fixed tu tlu- heads of the glass pillars, 
P, F, which are furnished wiili puiotcd r(»d8 capable of 
universal motion. The exc‘'lh^ii< e of tlie Mistjiiment depends 
on the proper insulation of the secondary coil. The bobbin 
must be made of glass, gutta-percha, or ^best of all) vulcanite, 
so as to })revent tbe induced ehctricity from reaching the 
ground hy the ]>runnry coil. Care mnst al^o be taken to 
insulate tlie dill'ereut jnirts of the s<‘coud;irv «‘oil from each 
other. If this vere not d(*ne, the spark whicli comjdetea the. 
secondary current, instead ol takiiig ]>lace at tlie rods, the 
place at which it is wanted, would jiass within the coil itself. 
It is necessary, in consecpience, to liave eui h layer of the coil 
insulated from the oilier, hy interjiosing gulta-jH'rclia 
and cementing it with a hot iron tn tlie sides of the bobbin. 
The induced cm rent must thus jiuns through all the turns of 
the wire, and is prevented from shortenings its course by 
leaping over one or more layers of the coil. (See p.age iidri.) 

121. Experiments v'ifh the Indnet m iVtt. — Say tliut we 
experiment with a cnil like tlie one ."liewn in tig. 112, about 
one foot long and nearly six im lies in diameter, wliich yields 
readily sparks of liom four to li\e im ln*s with a battery of 
six Bunsen cells. Alter coiiiKictii.g the battery wires, and 
setting the commutator so as to complete tlie contact, let us 
place the movable rods within an imh of each otlier. An 
uninterrupted rush nf sparks is transmitted lictween the j» Jints 
of the rods. The sparks are n<»t the clear single sparks o! llic 
electric machine, but seem to he made up of several 
occurring at the same instant, which are white and eiouk<-l. 
These are envelopied in a luminous haze, or aureole, whii li <'au 
be blown away by the breath, and tlierehy He[)arated from tin' 
white spark which cannot be so removed. The aureof- is 
repelled by the poles of a powerful electro-magnet, whn^L 
the white spark is not affected by it. As the rods are with- 
drawn from each other, it disappears, and when they stand 
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above three inches apart, the spark resembles in every respect 
the forked single spark of a powerful electric machine. When 
the points are withdrawn beyond striking distance, electric 
brushes still play between them, which become visible in a 
darkened room. If the hand be brought near the rod con- 
nected with the exterior end of the coil, sharp stinging sparks, 
two or three inches in length, are got. The rod connected 
with the inner end does not yield them so readily, and this 
is the same whether it be the + or — j)olc. Each pole of the 
induction coil is tlie seat of two opposite electricities, alter- 
nating with each other, alike in quantity, but differing in 
tension, and this accounts for the resemblances and differences 
between the coil and machine electricities. A Leyden jar 
may be charged, but not to the same extent as by the electric 
machine, if one of the wires be connected wdth the outer 
coating, and the other brought within an inch of the 
knob. The jar on being removed may be discharged by 
the tongs (fig. 54). When tlie poles are put in connection 
with the coatings of a Leyden jar, and the points placed 
within half an inch of each other, the spjirks piissing between 
the poiuts arc much more brilliant, and the sharp snap 
of the simple spark grows into a loud report. The Leyden 
jar effects a condensation of the electricity of each direct 
current, and each spark discharge takes place in shorter time, 
and consequently '\\dth greater intensity. The condensed 
spark punctures jiaper and the like with great facility, but it 
is of very low heating jiower. Tlie imcondensed spark, more 
particularly the hazy spark, got when the poles are near 
each other, kindles paper, gun])owder, coal-gas, and other 
combustibles, with great rea«liness. The power of the 
direct induced current of even huge induction coils to deflect 
the magnetic needle, and to effect chemical decomposition, is 
very insignificant. This shews that it is very much inferior 
to the inducing current in quantity, however much it may 
be superior in tension. The physiological effect, on the other 
hand, is tremendous, and the experimenter must take care 
not to allow any part of his body to form the medium of 
commimication between the poles, as the shock so got might 
be dangerous, if not fatal 
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When the induced current is made to pass throuirii nearly 
vacuous spaces, a very spleiulid cH\*ct is produced. The 
electric eoy (lig. llH'i is employed to di>plny this. It consists 
<tf a glass vessel in tlie shape of an egu', with an open neck 
above, and another below. l»ras> fittim^s art; atbiched to 
these. The lower opening i*? fiJte l with a stopcock, and can 
be 8cn*we(l to the jilate ot an an pump A brass rod and ball 
rise a short way into the egg T'lc lining ^ 

above are inten'h'd to allow of a laul tael- | 

ing in a ball ]»a<'-ing n]» an»l -lown an- tight, I 

so that the two hnll- can h» CMii\ onient I y I 

set at dith ifiit •li-taii '« W Ia n tin* « eg A 

is exhaUNird, and the win - horn tin* c.nl 
are attacli' d, tie* one iiho\»‘ and the i»tl).T 
below, a biminou^ gd.ov e\t> nd- bi-twc n 
tin; balls, whn li is wnh- in tlie iniihlle, 
and coiitrai ts at c ith' r c\l n-iuil \ . Wbcn 
the exhaustion ha^ lonln-d on*‘dw(dllli 
of an iiK h, o'* sin w n b\ the gauge (d' the 
air-pniup, Mad. 1 and- an* s.-m to li«* >jBi r 

liori/ontall V in tie- lighf, so a- to wear 
the ajtjiearain e of -1 m 1 ili. al ion, as ,-hewn 
in the lignre. din » o< ■ ni inoie n lily 
when a drop or two of tui p- nlnie, ah ohnl, 
or ether have b. * n iiiti'o.lu- ed into the 
egg. Tile eaU'( o| the -tialilit all''!! i- as „ 

jl.5. 

yet a inatl< r ot -po. dalion. Tie- hall 

which forni'' the pt h g «n\eh p'Ml in a coveiing of blue 

light. 'J'lie ghov, whi'lt i- of a 1 •< ant ifnl in.mve tint, .ippeais 

to proceed from 1 lie ^ h.'d. .md i ea( he- iieai 1 v to the ^ l»all, 

from wliich it is paialtd hv a well-niailvi d non-luiiMn<ais 
' ^ • 
space. By mean-, of the •■i.u, mutator, tln'-e aji[»earaie . at 

the balls can Im' iii-lanlly tian.-|»o‘' *d. Serving the s-nne 
pose as the electric egj, then* is a gnat variety of 
tubes liermetically sealed and leady for use at any nm*'. 
These having been tii>t tilled with jtarticiilar gases, and tlie.n 
exhausted, exhibit light.s of ^aliou?5 tints, according to the ga^ 
contained by them. 

WriijhCs Electric Cohesion Figures . — These are due to Dr 
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Strethill Wright (1863). A clean sheet of glass is laid on a 
plate of blackened metal, and a drop of liquid is placed on the 
middle of it. One of the poles of the coil is connected with 
the metal plate, and the other made to dip into the drop. 
When the coil is set in action, branches issue from the drop, 
and spread themselves over the jdate. Tlie shape of the figure 
thus formed is determined by the nature of the cohesion exist- 
ing in the particles of the drop, and between the drop and the 
glass. Hence, when the various acids and solutions of salts 
are treated in this way, we obtain an endh^ss variety of figures. 



Fiis^ IH. 


Mica may be subsliiuicd for gla-^s, tlie figures formed on it 
being even more various. A change in the figure is also got 
by reversing the pole. Fig. 114, drawn by Dr Wright, shews 
the*^- figure of cyanide of ]»otassiuin on washed mica; a small 
coil giving a Fj)ark of Jth of an inch can produce these figures. 
They may be also shewm by frictional electricity. Dr Wright 
has also obtained very large and fine figures by the electricity 
of cleavage. He places the drop on a clear surface of freshly 
split mica, and breathes on it, w'heu it expands into a figure. 

Conductivity of Flame . — ^When one mre of the coil is con- 
nected by a Bunsen lamp, and the other held six or seven 
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inchefi above the moutli of the burner, no spark passes. 
When the lamp is lit, they pass readily, shewing flame to 
be a conductor. Let us now lift up the wire above the flame 
80 that the sparks again cease to piiss. When common salt is 
put into the flame, the sparks instantly reappear, shewing 
that the salt heightens tin- .Miuim’tinu' power of the flume. 
The etfect of salts in improving the conducting power of 
flame was first sheuni by Dr Wright (ISfi.'j' . 

Chrmolo[uj of Curr^ jit IfolnrtmH. — Tin* discovery of the 
power of electric currents to induct' currents in neighbouring 
coinlucting circuits is due to I'aradav. 11 is ivijearc.hea on the 
Rubjocb uauK'd by him rolta-> h ctrir inductitm, W’ere published 
in the Philosophical Tiiin'^actions (1831 — 1832). Henry 
(1832) observed that when contact wius Imikeii in a long 
galvanic circuit a bright spark occurred, wliich did not occur 
when the circuit was short. This was shewn by Faraday 
(1834) to be due to the extra current induced by the various 
parts of the circuit on each otln^r. Ikicliholfner and Sturgeon 
(1837) shewed the sujicrior action, in induction apparatus, of 
a bundle of iron wires to that of a solid bar of iron. Henry 
(1841) studied llie indui tive action of induced currents of 
different orders. PuhinkoHT constructed (1850 or 1851) the 
first so-called indvetiov coiU tin; xcelleiici^ of which was 
chiefly attained by the proper insulation of the secondary coil. 
Fizeau (1853) incieased iinmenselv the power of the, coil, by 
providing it with a condenser. Of late years, coils of great 
power have betii constructed, rivalling, if not exceeding, 
the most p(*wcrful electric nue him s in length and ]>owcr of 
S]>ark. 


Magneto-Electric Induction— Magneto- 
Electricity. 

Magneto-electricity includes all phenomena where mag- 
netism gives rise to electricity. There are practically two cases 
of it, namely, when the current is induced in a coil of insulated 
wire, and when it is induced in conducting plates. 
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Cmrents induced by Magnets in Coils of Wire. 

122. How a Current is induced in a Coil hy a Magnet . — 
When a coil, in which a current circulates, is quickly placed 
within another coil unconnected with it, a contrary induced 
current in the outer coil marks its entrance, and when it is 
withdrawn, a direct induced current attends its withdrawal 
(117). Change, whether in the position or current strength 
of the primary coil, induces currents in tlie secondaiy coil, 
and the intensity of tlie induced current is in proportion 
to the amount and suddenness of the change. In singular 
confirmation of Anii>t‘re’s theory, a jKunianent har-magnet 
may be substituted fur the ]»riniary coil in these exi)eri- 
ments, and the same results obtained with greal or intensity. 
When a bai-magnet is introduced into the secondary 
coil, a current is indicated, and when it is withdrawn, 
a current in a cf>utrarv dir(‘ctiou is obst^naal, and these 
cmTeiita take place in tlie directions re([uired hy Ampere's 
theory. A change of iiosition (»f tlie inagmd- is marked by a 
current, as in the former case. 
If we, liad the means of in- 
creasing or lessening the mag- 
iK'tism of the bar, currents 
would Ih* induced the same as 
tliose obtained by strengthening 
or ’weakening the current in 
the primary coil. It is this 
imtiictive ])ower of iron at the 
moment that a change takes 
}»lace in its magnetism, that 
fonns the basis of magiieto- 
eleetric machines. The manner 
in Avhicli this is taken advimtage 
of will be easily understood by 
reference to fig, 115. NS is a 
permanent horseshoe magnet, 
and let us suppose it to be fixed ; CD is a bar of soft iron, 
with coilfl A and B wound round its extremities, and may 
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Fig. 115. 
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l>e looked upon as the armature of the magnet. CD is 
capable of rotation round the axis EF. So long as CD remains 
in the position indicated in the figure, no currents are induced 
in the surrounding coils, for no change takes place in the 
magnetism induced in it by the action of NS. The moment 
that the jxdes of CD leave NS tht> magnetism of the soft iron 
diminishes as its distance from NS increases, and when it 
stands at rigid angles to its former position, tlie magnetism 
has disap] )earcd. During tlie first quart m-revolution, there- 
fore, the magiu'tism of the soft iron diminishes, and this is 
attended in the coil (for both coils act, in tact, as one) by an 
electric cnrivnt, Avhicli becomes manifest wlieii the ends, 0 , 
of the C(-ii ari' joined by a conductor. During the second 
qiiarter-r(*volntion, the magnetism of the armature increases 
till it roa«‘hea a maximum, when its poles are in a line with 
th(»se of NS. A current also marks this increase, and pro- 
ceeds in the same dirc'ction as befor(‘ ; for though the mag- 
netism increases instead of diminishes, which of itself would 
reverse the indneed current, the poles of the revolving 
armature, in consequence of their change of ])ositiou with the 
poles of the permamuit magnet, liave also been revijrsed, and 
this double reversal leaves the curnuit to move as before. For 
the second half- re volution the cunuit also proceeds in one 
direction, but in llu^ opposite wav, corresponding to the 
reversed position of the armature. Thus, in one revolution of 
a soft iron arinaton in front of the poles of a ^termanent magnet 
two currents are induced in the coils encircling it, in opposite, 
direct ioiu, each lasting half a revolution, starting from the line 
joining the poles. 

123. Magneto-electric, Machine. — ^Tlie general construction 
of a simple magneto-electric machine is shewn in fig. 116, 
which is one of the forms of Stohrer’s machines. NS is a 
fixed permanent magnet. BB is a soft iron plate, to which 
are attached two cylinders of soft iron, round which the coils 
C and D are wound. CBBD is thus the revolving armature, 
corresponding to CD in fig. 115. A A is a brass rod rigidly 
connected with the armature, and also serving as the rotating 
axle. F is a cylindrical projection on AA, and is pressed 
u])on by two fork-like springs, II and K, which are also the 
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poles of the machine. The ends, m, n, of the coil are 

J soldered to two metal rings on 
^ F, insulated from each other. 
When the annature revolves, 

g g AA and F move with it. F, 

H, and K arc so constructed 
^ ^ commutator, 

reversing the current at each 
semi-revolution. By this ar- 
yJHlJ Jll' 1111 rangement, the opposite cur- 
” B* llli rents proceeding from the coil 
H IB at each semi-revolution are 
- ’ wp |H BO transmitted to H and K, 

/C |d| 1 iy that these retain the same 

ilii I llli names. But f(»r this, the 

iiiil Iffl I rai ll Hi I effect of the current derived 

mil ill ilHi R I from on (' 8(‘mi -rev olution woul d 

Hii M I reversed hy that proceeding 

Hik. jM' ■ ' ^ 

NHife ^‘ver, cdiange names with the 

^^^!|||!! | direction of the rotation of the 

Fig. lie. armature. 

Tlie commutating arrange- 
ment is shewn in fig. 117. A is the axis of the revoMng 
part, the two black lines under H and K are the two forks 
of these springs, a and / lire projections on a metal tube 
next th<‘ axis, and c and e are 
a luojections on another tube 

-W I iiisulatefl by boxwood or vul- 

S p canite (shc^vn black in the 

^ ^ ^ ffgure) from the inner tube. 

. — -■ Both tubes are fixed to the axis 

€■ j* A, and move round with it. The 

Fig. 117 . projections a, /, c, e are half rings, 

a and c being on one side of the 
axis, and t and / on the other. Each tube has the end of one 
of the coil-wires attached to it, so that the tubes thus form the 


terminations of the coil. As sliewn in the figure, the left- 
hand prong of H rests on a, and the left-hand prong of K on c ; 
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if a be +, c will be — . Suppose, now, the half-revolution 
finished, then h will be on e, and d on /, just when the current 
,has begun to flow in the contrary direction, and the tubes 
have changed signs. Still, hoivever, H is -f- and K — . 
WTien the armature is made to revidve with sufficient rapitUty, 
a very energetic and steady current is generated, which 
possesses all the properties the galvanic current. Compared 
with the galvanic battery, the magueto-ele'ctric mucliiue is a 
readier, steadier, and ideaiilit-r soiirci of electricity, and is, in 
consequence, extensively usi'd instead of it. Magneto-electric 
machines may be uuuU' of any strength by increasing the 
number of magnets ainl the mechanical force employed. 

In the machine jusi descrihed, the amount of electricity 
induced in the coils is at a maximum just when the annature 
is leaving the ]u»les, and at a minimum when it stands 
equator! ally. Tin* gradual cessation of tlie magnetism of the 
core in the first quailin’ revolution, and tlie gradual acquisi- 
tion of it in the second, prevents anything like an instan- 
taneous stoppage and commencement of the current in the 
half- re volution. The current is thus tolerahly continuous, 
and when the velocity is great, it is nearly uniform. Hence, 
W’hen it is sent through the nerves of the body, which are 
affected by siuhlen changes of cur ent tension (99), a slight 
effect only is felt. When, therefore, physiologi<‘al effect is 
wanted, a break mint be effected in the current. This is 
done in Stuhrer’s machines by making the half-rings overlap 
a little, so that, at the change of ]M)h*, when the c.urreiit is 
strongest, the iiiterpolar ivsi^taiice consists only of the prongs 
of each fork re.sting on the two half-rings. As this resistance is 
indefinitely email, the whole of the eairreiit goes by it, and 
none of it by the body. ‘When one ]>rong of each fork leaves 
Bimultaueously ii< half-ring, the current tlien passes through 
the body; and a> the resistance of this last is great, a partial 
stojjpage of the current occurs at the instant of separation, 
Avhich excites an extra cuiTeut in the coils of the machine. 
The tension of the extra current is high, and ])Owerfully affects 
the nerves. It is felt at each half-revolution. 

In large machines, several magnetic magazines are employed 
with a corresponding numl^er of armatures and coils. The 
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coils may be arranged like the cells of a galvanic battery, for 
tension or for quantity. For tension, they are anunged 
successively, so that they form one compound circuit; for 
quantity, each single coil or set of coils contributes to the 
common current. The electro-motive force, resistance, and 
current strength are formed as for a galvanic battery (96). 
The thickness of wire is selected according to the object of 
the macliine. For giving shocks, or ejecting cliemical decom- 
j)osition, the wire must bo long and thin ; for heating platinum 
wire, thicker and shorter. The electro-motive force increases 
with the rapidity of rotation. Dove has found that in mag- 
neto-electric iriachines, where the current is primarily induced 
by magnetism, a solid iron coi^c as an armature gives a better 
effect than a bundle of iron wirc.s. ^See also ])agi*. 259.) 

Chronology of Magneto-dcdric r'oi/-?aac/w»c.™Fa.raday (1831) 
was the first to obtain a current from a coil by magneto- 
electric induction. Ex 2 )eriinenting with a straight bar of iron 
as the core of a coil, he obtaiiUMl opposite curients from the 
coil, according as the bar was made lo ai>proach the poles of 
a horseshoe-magnet or to recede from them ; with tlie coil 
without the core he g«>t the same result, though to a much 
less degree. Pixii (1^32) invented the germ of the machme 
as now used. Improvements in the construction have since 
been introduced by Saxton (1833), Chirhe (1836), Petrina 
(1844), Stbhrcr (1844), and recently, by Siemens and Ilalske. 

124. Electricity induced hij the Magnetism of the Earth . — 
Faraday was the first (1831) to ol>taiii electricity from 
the inductive action of terrestrial magnetism. Terrestrial 
electric induction may be shewn by such an apparatus 
as that sketched in tig. 118. If a coil, CC', be made to 
rotate, as shewn in the figure, round a horizontal axis, 
and its ends directly connected with a galvanometer, it 
will be found tluit, starting from a certain position, for one 
half-revolution the needle is deflected one way, and for 
the other in the opposite way. Suppose the axis to lie at 
right angles to the magnetic meridian, and that we place the 
jdane of the coil at right angles to the dipping-needle, as a 
starting-point, each half-revolution will occasion a current in 
an opposite direction. The reason of this is obvious. Through 
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the half-revolution one half of the coil ascends and the other 
descends, cutting the lines of magnetic force, which are parallel 
to the dipping-needle in different ways ; o}>poaite currents 
are thus induced in each half (112, 120), anti these aid eacli 
other to form one curivnt. The descending half has its 

c 



current tending ejiafward, and tli(‘ ascending lialf westward. 
It is easy to see tliat by the intervention of a coni mu tutor, us 
at c, a current in one direction may m*. obtained through tho 
wires Tlie maximum induction takes jtlace when the 

jdane of the coil is jiarallel to tluj dip])ing-noe»lle, for then 
it cuts the lines df juagnetic force at right angles. If tho 
axis of the coil be placed horizontally in the magnetic 
meridian, the induced ele<’tricity will be wliolly due to the 
vertical magnetic lines. If the axis be vertical, the same 
will be due wholly to the liorizontal lines. A comparison 
of the deflection produced on the galvanometer by a similar 
rotation in these two ]»o>d.ion.s may be used, according to 
AVeber’s suggestion, to d(*lermiiie tlie magnetic inclination, 
for (17) the tangent of the angle of inclination is equal to the 
vertical divided by the liorizontal intensity. If the axis he 
parallel to the dipping-needle, no current will be obtained 
however fast the rotation. Palmii^ri, by means of a terrestiial 
induction machine, produced sparks, shocks, and the decom- 
position of water. 
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OurrentB induced by Magnets in ConduoUng-plates. 

125. The Magnetism of Rotation was discovered by Aras^o 
in the years 1824-5. He observed that when a magnetic 
needle was made to oscillate immediately above a copper plate, 
it came sooner to rest than it did otherwise. The oscillations 
were made in the same time as when away from the plate, 
but they were less in extent ; the plate seemed thus to act as 
a damper to the motions of the needle. This being the action 
of the plate at rest on the needle in motion, Arago reasoned 
that the needle at rest would be influenced by the plate in 
motion. Experiment confirmed this surmise. He made a 
copper disc revolve with great rapidity under a needle, resting 
on a membrane placed right over the disc, and quite uncon- 
nected with it, the middle of the needle being placed above 
the centre of the disc. As expei^ted, the needle deflected in 
the direction of the motion of the disc. The deflection of the 
needle increased with the rapidity of the motion, and when it 
reached a sullicient ainoiuit, the needle no longer remained in 
a fixed position, but turned round after the <lisc. This action 
of the revolving disc was attributed to what was then called 
the ‘Magnetism of Rotation,’ an«l the name has been since 
retained. The explanation of this iihenomeiion was first given 
by Faraday (1H31), He jiroved it to arise from the reaction 
of currents induced in the plate in motion by the magnet. 

126. The magnetism of rotation is only one of a very large 
class of phenomena, in which the motion either of a magnet 
or a wire conveying a current induces a current in a neigh- 
bouring conductor. Leiiz very conveniently sums up the law, 
holding in all such cases, in the following words : J^Hien a 
cumnt is induced in 'a condmtor by the motion of a magnet 
or current, or of the conductor, the current induced flows in 
such a direction that its action opposes the motion producing 
it. To take the simplest case, that of two parallel wires, 
in one of which a current cii-culates; let us bring either 
wire near the other, an opposite current will be formed in 
the wire where no current was at first (provided the circuit 
be complete), the mutual action between which and the 
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priinaiy current will be to cause repulsion, and impede the 
motion of approach. If we separate the wires, the opposite 
will take place. In all the cases of attraction and repulsion in 
electrodynamics the same holds. Lenz’s law may be thus 
otherwise put ; when a conductor moves relatively to a current 
or magnet, or nice the directions c»f the inducing and 

induced currents are the rev«‘rse of vvlmt they would be if 
the same motion took place under the action of two primary 
currents, or a primary current and a magnet. 

With the aid of Lenz's law, we can easily understand the 
principles at work in Arago's revolving plate. Fig. 119 
repitisents wliat takes place in it. 

Tlie plate, P P, may be regai\h*d 
as divided into four jiails; those 
of which n, n\ Sy s' form the 
centres. The part n approaches 
the north pole, N, of the magnetic 
needle, NS. In order to impede 
the motion of ajiproach, n muht 
be forced to assume north polar 
magnetism, the current of which 
moves, as shewn in the ligun*, 
from right to left. The ]»art of 
which n' is the centn*, leaving a south pole, will be induced 
to assume nortli polar luagnotisni to impede the rotation 
of the disc. The currents of n and n' are coincident at 
their further ends, but in the middle, as shewn by tlio 
dotted lines, they are oiiposud, tlie result of which is that 
one current circulates, as shewn by the continuous line in 
the left-hand side of the pluto. A similar state of things is 
also found in the right-hand half, as shewn in the ligure. 
The two main currents are coincident in the middle of tlie 
plate. It is this conjoined current which affects the needle ; 
it runs in a direction a little in advance of the needle, as the 
inductive power of the magnet takes some time to act. As 
the induced current lies below the needle, the deflection, 
according to Ampere’s rule, take.s place in the direction of the 
motion of the disc. If the disc were stationary, the currents 
induced in the plates would manifestly impede the oscillations 
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of the needle. When cuts are made in the disc in the line of 
the radii, it loses almost entirely its disturbing power ; the 
— currents formed in the whole disc can no longer 

▼ take place, and those formed in the various 

I sectors are weak in comparison; by filling up 

Ml the vacant spaces with solder, the power is 

^(f\ nearly restored to it. As is to be expected, 

I \ the effect of the revolving plate depends on 
U \ the conducting power of the material of 
K wliich it is made. It is owing to its high cou- 

I ducting power that copper is so much used in 

I these experiments ; Inmce, also, it is that copper 

I is so much enij)loyed in the construction of 

H magnetic apparatus. A copper compass-box, for 

instance, is not only desirable, from its being 
free from iron, but it acts also as a damper to 

T bring the needle quickly to rest when disturbed. 

127. Lenz’s law is a])plicable to all cases 
when electri<iity is inducc*d by the motion 
of a magnet, or of a conducting circuit. 
It explains the inagneto-elc'ctric machines 
alieady described. We may quote only two 
Fiff 120 other ex])erimeiits as illustrations of it. In the 
first experiment, a small cube of copper (fig. 
120) is hung by a thread to a frame, and placed between 
the poles of a powerful electro- 
magnet; the cube is sent into 
rotation by the twist on the 
thread, previously given it; it is 
instantly brought to a halt, when 
|| , |1| the cuirent is allowed to circulate 

11 |j ||| in the coils of the magnet, and 

1 i!|l|r it begins its motion again when 

% '| | f the current is turned off. In 

\ ipF the ‘second experiment, a disc 

of copper (fig. 121) is made to 
rotate rapidly between the poles, 
??, s, of an electro-magnet, by means of a handle and inter- 
vening wheel-work turned by the experimenter. When the 
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current invests the soft iron poles with magnetism, the disc, 
moving freely before, aj^peiirs suddenly to meet with an 
unseen resistance, and the rotation continues slowly or not 
at all. If persisted in, the rotation causes the disc to rise 
in temperature, the rise being according to 

Foucault, to the square of the cokiUjoJ wtation. As shewn 
in the figure, th(‘ approaching part ol‘ ilie uisc has a south 
pole tui'ued to s and a iiortli pnh* to n. 'I’iu* receding j^art 
manifests the opposite ^lolanlv, b'»t]i jiolarities combining 
to resist the motion of the di'^c. The cuin nts marked 
with dotted lines •: e not the only currents. There are 
several such currents in the >.ime din-*tion, e\tending out 
like waves on each half, coinciding in the line l>etw»‘en the 
centre and the poles. Hence if n cin’uit were formed, 
including the radius between tlu* centre and the two poles, 
a current in one ilirection would be con>tant1y transmitted 
through it. This may l>e done, by connecting a wire with the 
axis of the plate, and by making a s[)ring press on the edge 
of the plate, at the ]K»les, so as to a^'iorb tlie current without 
impeding the plate. I'o tlie spring a wire must also be 
attached. Tlie two wires being connected with a g.dvanmneter, 
a current in one direction would be indicated by it as the 
plate revolves. A niaehine of this kino, invi'iiied by haraday, 
was the first form of the magneto-elect lie machine (1S31). 


Measurement of Current Elements in Absolute 
Units— Work and Heat Produced by 
the Current. 

128. This system aims at measuring the current eleiiKiii-, 
electro-motive force, strength, and resistance, in terms ol the 
absolute units of time, space, and nja.^s. It is the m* t 
natural and rational system, ami, for reconling result-^, .L 
will no doubt eventually take the jdacc of all others. Th.- 
British As.sociation have adopted a unit of resistance, bo as to 
facilitate its geneinl introduction. In the Transactions of the 
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Association for the years 1862-3-4, the subject is treated at 
length. Here we can only give a general idea of the system, 
and shew how it is practically applied. 

Definitions of Electro-magnetic Units . — In any absolute 
system the unit force is defined as producing unit velocity in 
a unit of mass in a unit of time. In the British Association 
system the unit force is that which is capable of generating in 
the mass of one gramme a velocity of one metre per second. 
At Paris, gravity generates in the mass of one gramme a 
velocity of 9*808 metres per second, so that there a unit of 
force is equal to of the weight of a gramme. At London, 
gravity is 9*811 metres, so that the mass weighing a gramme 
at Paris would weigh more than a gramme at London, in the 
proportion of 9*81 1 to 9-8()8. Of course, if a gramme weight 
W'ere brought over 1‘rom Paris 1o London, it would still bo 
looked upon as a gramnie, I nit its downward force, abso- 
lutely consid(*re(l as ttisted by a very delicate spring balance, 
would be gri'ater. The same absolute downward force is 
got by a less mass at. Ijondon than at Paris. Practically 
speaking, we estimate at London the mass of a gramme by 
counteT])oising a gramme weight bnmght from Paris in an 
ordinary balance, so that the ma>.s of gramme at London is 
the same as at Paris, although its downward force expressed 
in the units just deiined is diflTeri nt. Masses being measured 
by relative weights, are coin]>arahle all over the world; but 
their weights or downward forces, arising from, the action of 
gi’avity on them, are not, and must be expressed in absolute 
units to be comparable. The system we are describing 
demands that all local observation be expressed in an absolute 
or general standard, so that wln*ii so expressed they may be 
at once compared. To save explanation, we may, however, 
look on gi'avity as constant, and as that at London, results 
being expressed absolutely, though the data giving them be 
local The weight of a gramme is thus equal to 9*811 units 
of force. A unit of u'ork is a unit of force overcome through 
one metre : it is therefore of the weight of a gramme 
raised one metre, or a gramme-metre. A unit of heat is the 
quantity required to raise the temperature of one gramme of 
water at its maximum density by 1° C. According to Joule, 
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a unit of heat, when converted into work, is (at Manchester) 
capable of raising 423*5 grammes weight one metre. A unit 
of heat is, therefore, equivalent to 423*5 x 9*811, or 4155 units 
of work. 

129. A unit pole is one which, at a metre distance, repels a 
similar unit pole with a unit of foive. The mass of the unit 
l>ole is that of a gramme. Hen* only om‘ pole of a magnet is 
refeiTed to, the other being «M*ndder<Ml ei<hei to lie out of 
the way, or to be so siniihirly allVM*ted in tin- o]>posiie way, as 
to act in combination with the poh' in qmstifm. A unit 
mofinetic field is that in which a unit polo i> repelled with 
a unit of force. At that part the earth’s surface where the 
horizontal intensity is unity, the unit pole, if fr(*e to move in a 
horizontal plaiu‘, would ac<juii\5 a velocity of one metre in a 
second. At London, the horizontal intensity is such that the 
unit pole would acquire a horizontal velocity of 1*704 metres 
per second. 

A unit current is one. whicl), in a wire one nndn* long, bent 
so as to form an arc a circle of <»ne nndre in r/idius, or, 
which is tlie s<ame tiling, an arc (»r 57i woidd repel a unit 
pole at the centre of the eircle with a unit of forc-e. The 
whole circuiuferi iice of a cindc, a metre in T.idiu>, is 0 2832 
metres, and would eon.'.eipuMitly ngM-l > unit j»ole at its cemtre 
with 6*2832 units of force. If such a c-irch^ 1m* ])laced in the 
magnetic meridian, the delleetion jnodinaal hy it on a small 
needle at its centre, a- in tlie tangnit galvanometer, i.s due to 
tlie whole circnnifi n nce, so that tlie ''ti-ength of tin? cniTent^ 
iiieasured hy only one metre of it, f<»rnis only part of 

the deflecting force. A unit current in a straight wire, 
measuring a iin*tre, n'pels another similar unit current, one 
metre distant, with a nuit of force. A unit magnetic ht‘ld 
repels a metre’s length of n unit ciiiTont hi*ld at right angli *i to 
the lines of magnetic force with a unit of fon i*. Ilenco :n a 
unit magnetic fiehi, a metre of a unit eiiiTent, forming an 
arc of 57;|°, and held in the magnetic meridian, would cau^t^ a 
small needle at its centre to deflect 45^ 

130. How an Electric Resiatanre may he expressed as an 
Ahsolute Velocity . — Suppose, at any part of the earth’s surface, 
two rails are placed parallel to each other, so that the plane 
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passing through them shall be perpendicular to the magnetic 
meridian, or to the lines of horizontal force. We may thus 
put the rails horizontally, the one lying right above the other. 
Suppose now that a rod, standing vertically, connects these 
rails, and can be slid along without friction between them. 
Let the ends of the rails at either termination be connected 
with a rod of equal length to the slider, and let it be placed in 
the magnetic meridian, or at light angles to the plane in which 
the slider moves. Let this rod l)e bent so jis to form an arc of 
571° t>f a circle, the radius of which must be the length of the 
rod or of the slider, and let a small needle be suspended at the 
centre. There vnll he thus a complete conducting circuit 
formed by one rail, the rod, the other rail, and the slider. Let 
the resistance, moreover, tlirouglniiit this circuit be the same, 
whatever the position of the slider in the rails, or, which is 
the same thing, let the rails he perfect conductors. When 
the sliding rod is moved, it cuts the Innazontal lines of mag- 
netic force at right angles, and a ciua-cnt is induced hy them 
in it (112, 120), tlie strength of wliich is proportionate to the 
number of lines cut by it in a given time. The faster, there- 
fore, the rod moves, the gi'eater is the current, and the greater 
will be the deliection of the small needle. When it is moved 
with such a velocity that the needle dellects 45°, the current 
in the arc has ac([uir(‘d the sunu^ power over the needle as the 
earth’s magnetism. The ciinvnt induc(‘d in the slider is in 
such a direction that the vertical action between it and the 
earth’s magnetism otfers resistance to its further motion, and 
work therefore has t(j be exjumded to move the slider. The 
work expended in a giviui time, say a second, in moving the 
rod, is within the circuit equivalent to the electro-motive force, 
or the work dt)ne in prodmung the (airriuit. If the resistance 
within the circuit which the electro-motive force has to over- 
come in generating a current capable of causing a deflec- 
tion, say of 45°, be small, the velocity of the slider will be 
correspondingly smjill; if great, coiTespondingly great. Tlie 
velocity of the slider thus measures the resistance of the 
circuit. 

Although this arrangement, which contains the germ of the 
reasoning, cannot be practically carried out, other arrange- 
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ments can by calculation be reduced to it. To fix our ideas, 
let the slider be a metre in length ; let it move, say, 10,000 
metres per second to cause a deflection of 45° — that is, to 
generate a unit current in the supposed circuit. The slider, in 
moving at this rate, describes an ure.i of square metres, 

and this is the measure of tlie number <*f lines of force cut, or 
of the inductive power of tlie t'urth’s h.uizi.uta; iiugnetisra in 
the expcriinout, and it may bo (ibtaiiu-r., as in this case, by a 
slider of a metre in length mt)ving at the rate of 10,000 metres 
per second, or one 100 met res in brngtli moving with T,\ 7 ,tbpart 
of the velocity — th tt is. 100 metres. Sii]t[>oso, now, I wish to 
know the resivtam e olfert*<l by a wire of a certain thickness, 
expressed asa^elo^ity, 1 bend m«*tre.s ()f it into the 

fonn of a ring of one, metre in radius, and make tlie ring 
capable of rutativm round a vertieal, as it is in fig. 118, round 
a horizontal axis. The induction to which the ring is sub- 
jected in its rotation, causes two opj)osite curn'nts to traverse 
it in one revolution, the* turning jioint being wlien the ring is 
at right angles to the magnetic meridian ; ])iit since each half 
changes its side witli each cliangi* of current, to an observer 
north or south of tlie ring the cuiT'mt a]>pears to move always 
in the same direction, and it con.e<po*ntU affects a needle 
placed at its centre in tin* same way. d'o ii*dnce tlio motion 
of the ring to the (Mpii valent nintii.ii of the sli»ler, W(* must 
prqji^ct tlie iiKdion ot (lie ring on a viulical jdane at right 
angles to tlie inagii. lie meridian (1 1 2). The .semi-revolution 
of the spliere de^i rilM*d Iw the* ling j'rojecled on this ]>Jano 
is the area im luded by the ring, naiiu !y, 31410 sipiare metres, 
and by a whole revolution lwi*a* this, or 0 2s.Ii2 sijuare metres. 
If ten revolutions per m** (»nd ]»ioduce a deflection of 45‘-’, 
the effective area is 02S32, uhich is equivalent to a metre 
slider moving at the rate id t:2'S38 metres ]K*r second. Bat 
we reckon the current from om- metre of it, so tliat the velocdly 
of the ring must be G-28'IK time.s increased to give one metre 
the effect of the whole circumference : the e<iuivalent velocity 
of the metre slider must thus be 3947. The resistance of 
6*2832 metres of the wire in (pu*«tion is thus 394*7 metres per 
second, and we can easily calculate the length of it necessary 
to produce a resistance of one inetre, or of 10,000,000 metres, 



the B. A. unit (94). Here we have only given the mere out- 
line of the process of estimating resistance as an absolute 
velocity. It was essentially by this method, which is due to 
Professor Thomson, that Messrs Maxwell, Stewart, and Jenkin 
(1863-4), with almost perfect experimental and mathematical 
skill, me^ured the absolute resistance of a coil instead of a 
ring of copper wire, and thence obtained a material value for 
a B. A, unit. Should the material standard they found be lost 
or damaged, it could be again renewed by a new determina- 
tion. The obtaining of a material from an abstract or ideal 
standard is nothing practically new, for our measures are 
got from the length of the seconds pendulum at London, 
which requires as much care and skill in its determination 
as the B. A. unit. 

131. Relations of the Current Elements to Work~X resistance, 
accordingly, we express as a velocity. Suijpose, now, our 
metre slider moves with a velocity I per second, and that a 
current of the. strength, s, is produced in a magnetic field of the 
intensity A, then the work, v\ expended per second in moving 
it through I midros per second will be the velocity, i, multi- 
plied by the product of the current s, and the intensity of 
the field /i, or w ~ Ish. Nt>w, wle n I nu'asures the resist- 
ance of the circuit, s equals /<, then w = sH ; that is, the 
work done ])cr sec.ond by a current s, in a resistance 
equals the square of the current multiplit‘d by the resistance. 
We know from Ohm’s law (95) that r, the eb etro-motive force, 

is equal to Is. Hence w ~ es, or j J that is, the electro- 
motive force is espial to the work done ])er second divided by 
the strength of the curriuit. 

According to any absolute system, a unit of electro-motive 
force is capable of transmitling a unit current against a unit 
resistance in a unit of time. A\ cording to the British Asso- 
ciation system, a unit of electro-motive force is thus capable 
of overcoming a unit of force through 10,000,000 = 10^ metres 
in a second, or of performing 10,000,000 units of work in that 
time. 10^ electro-magnetic units of work are equivalent to 
viVt grammes in weight raised one metre, or 

1,019,200 gramme-metres. A unit of work is part of a 
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xinit of heat ; hence the unit electro-motive force in a circuit 
of resistance one, produces in one second 24067 

units of heat, or as much heat as will raise 2406 7 grammes of 
water T C. It is found also by experiment, that a unit current 
can, per second, decompose 0*0092 grammes of water, or 
generate 17*2 cubic centimetres of explosive gas at the 
temperature O'" C, and under a banmietric pressure of 760 
millimetres. This is called iif drctm-chemical equivalent of 
water. As the chemical cipiivaleiit (d water is 9 and of zinc 
32*5 in each cell of a Initt^-iy generc.r'tng a unit current, 
0*0332 of a gramme of zinc is dissolved per second, apart, of 
course, from local acti«m. A re.sistauce is thus expressed in 
a velocit}", a current in unit.'> of force, and electro-motive 
force in units of work. 

132. Practical Application of the Absolute System . — ^Two 
things are necessary to a]»ply the absctliite system — a tangent 
galvanometer, and the determination of the lK)]‘izontal inten- 
sity of the earth’s magnetism, expressed in units of force, at 
the place of observatimi. This la4 f(»r London was (January 
1865) T764. The formula for the tangent galvanometer can 
be easily adapted to this system. 1’, in fig. 82, represents the 
horizontal intensity. In the j)ositiou that the needle takes 
up, the portion of the horizontal intensity acting is T sin. d, 
and this multijdie<l by ML, the magm tic moment of the needle, 
gives its whole turning force on t...* nec'dle, M being the 
strength of one (if the jMdes, and L th(‘ distance between the 
poles. The cb-ctro-magnetic effect of the ring is represented 
by C, and in tlie (lefl**<:ted jiosition of the needle, the resolved 
part acting is C co«!. d ; this, again, must he multiplied by ML 
to give the turning force on the needle. Thus, CML cos. d = 
TML sin. d, or C — T tan. d. But (’ gives the force of the 
whole circumfereniie. From this we must get the effect of 
one metre of the rurrent Lent into an arc of a circle one 
metre in radius. If R be the circumference of the ring, or the 
length of the wire coiled into a ring — for frerpiently the tan- 
gent galvanometer is constructed Avith a coil of wire instead of 
one ring — then as this acts at a distance equal to r, the radius 

of the coil, C = ^ S, or S (stren^h) = ^ Thus, S = 
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r* T 

-g- tan. d. When there is only one wire as in the galvan- 
7* X T 

ometer described, S = 

6*2832 

In the instrument described in art. 96, r = 0*21 metre ; 

thus, at London, S = current be 

such as to make d 45° (tan. = 1), S will be 0*06895 units of 
force, which is what one metre of it can effect on another unit 
current, or on a unit pole situated as already mentioned. This 
current, in one unit of resistance, produces (0*05895)2 x 10^ 
34751 units of work per second. In a stationary wire, 
however, this work cannot be performed, so that it takes the 
form of heat. The units of heat g(‘iierated by it are (0*05895)2 
X 10^ -r- 4155 = 8*3630 ; that is, that the heat produced per 
second by this current in a unit of resistance is capable of 
raising the temperature of 8*3615 grammes of water 1° 0. in a 
second. This current ndll al.so deconii)()8e 0*05895 x 0*0092 
grammes of water per second, or 00*8 cubic centimetres of gas 
per minute. On comparing the results on this system and 
that of the electro-chemical units adopteil in art. 96, it must be 
borne in mind that the whole electro-magnetic effect of the 
ring was coupled with 60 cubic centimetres per minute in 
the expression S = 60 x tail, d ; whereas in the absolute 
system, which reejuirea that 571" ^f the ring produce the 
deflection of tlie in^edle, this expression would be S = 60 

X S in the former is therefore 6*2832 times S in the 

6*2832 

latter system. 

Let us now ascertain in absolute units the electro-motive 
force and liquid resistance of the Bunsen cell mentioned in 
art. 96. With no iuterpolar resistance, the strength of 
the current, as sheAvii by the galvanometer {d = 531°) 
0*07860, and with one B. A. unit interposed {d = 12^°) 0*0131 ; 

consequently, by Ohm’s law, 0*0786=^, and 0*0131= , 

whence « = 0*01672 of the B. A. unit of electro-motive force 
(10^ units of work per second), and I = 0*2 of a B. A unit of 
resistance (10^ metres per second). The electro-motive force 
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of Danielles cellj the moat constant of all, is given by Joule 
as 0 01073, and by Bosacha, who adopts it as a unit of 
electro-motive force, as 0*010258 of a B. A. unit. Both of these 
rather exceed the value given in article 85, which is, on 
reduction, 0*0094. 

The system of absolute moa-^nremcnt is entirely due to 
Professors Weber and Sir William Thomson. Weber (1851) 
first proposed a system of absolute measiiremeiit ; the sugges- 
tion was immediately taken up by Sir William Tliomson 
(1851), and the relations of the current to work in the system 
were first shewn by hiiiL 
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Thermo-electricity treats of the currents that arise from 
heating the junction of two heterogeneous conductors. Such 
currents can he obtained in many ways, but we shall here 
simply indic-ate the more important. 

133. Thermal Currents with one Metal . — Take a copper wire, 
cut it in two, and lix each half in one of the binding screws 
of a galvanometer. Heat one of the free ends to redness, and 
press it against the otliei-, and a current will be generated, 
passing at the junction from the liot to the cold end, as shewn 
by the deflecting needle. Tlie same production of a current 
by heating one piece of w'ire, and bringing it in contact with 
a cold piece of tlie saim*, is more decidedly shewn with two 
pieces of the same })latinum wire attached to the binding- 
screws of tlie galvanomett'r. To increase the surfaces of con- 
tact, the free ends of these wires are coiled into flat spirals. 
One of the spirals is lu‘at(*d to rcvlness, and pressed on the 
other. A current is then formed, passing from the hot 
to the cold wire. In almost all cases where portions 
of the same metal at ditferent temperatures are pressed 
together a current is produced, the directi(m of w'hich depends 
on the metal, and even on the structure of the same metal. 

Currents are also obtained when tw^o portions of the same 
metal or piece of metal have different structures, and the 
point where both struct ur(‘s meet is heated. If, for instance, 
one piece of wire be liaixl-drawn and the other part annealed, 
when the seat of change from the one to the other is heated, a 
current is produced. Thus, if a hard-drawn wire of brass be 
partly annealed, and the separation between the two parts be 
heated, a ciUTent passes at the junction from the soft to the 
hard part. Or if the whole be annealed, and one part of it be 
hammered, the hammering makes the other part harder, and 
the current, w'hen the junction is heated, passes from the soft 
to the hard part. The direction of the current differs with 
different met^s in these circumstances. Even the difference 
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of structure introduced by tbe twisting of a portion of a wire, 
causes a current to flow when the wire is heated in the 
vicinity of the twist. Thus, when a knot is tied on a platinum 
wire, or when part of it is coiled inti) a spiral, a current passes 
always towards the knot or coil wlien the flame of a spirit- 
lamp is directed on a portion of the wire near the knot or 
spiral The twisting, in tliis i-asi^, nets as hardening or 
hammering would do. By running the flame of a spirit-lamp 
along a metal, it frequently h:qq»ens, in.»re i.peeially if it bo 
of a crystalline structure, that cuiTents are ])rodiiced at certain 
points. These points are su])t)«)^ed to irnlicate a change in 
structure. If a bar of fused anliiuonv have its ends con- 
nected with a galvanometer, and examined in tln‘< way, neutral 
points are genenilly found. The flame of a laui]> generates a 
current near these points, always t)assiTig towards the point, 
and changing in direction with the cliunge of the side on 
which the flame is applied. Bismuth shews neutral points, 
but the current always goes from the cold to the hot part 
across the neutral point. In bars of tliese metals which are 
crystallised regularly and slowly, no neutral points are found. 

134. Thermal Currents with tiro Mrfnh . — A current is 
always obtained when the ]»oint of junction of any two metals 
is heated. The two metals whieli shew this ]>roperty in the 


greatest degree are bismuth and antimony. When 
a bar of antimony, A ( tig. 12*2), i'. soldered to a bar 
of bismuth, B, and tlicir free exti'emiti(*s are con- 
nected with a galvanometer, (J, on the junction 
being heated, a curivnt passe.s from tlie bismuth 
to the antimony as shi-wn in the tigure. When S 
is chilled by applying ice, or otherwise, a current 
is also produced, but in the opj)(>site direction. 
Such a combination constitutes a thermo-electric 
pair. Applying the same mode of ex])lanation to 
this pair that we applied to the galvanic pair 
(64), bismuth is within and - without the pair, 



antimony — within and -f- without the pair. Bis- 
muth thus forms the — pole, but + element ; 
antimony the -f- pole, but — element of tlie pair. The metals 
may be classed in thermo-electric just as they were in electro- 
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chemical order. The following table gives them in this order, 
the direction of the arrow shewing how the current goes 
within the pair : 

Heat. 



-<■ 


Cold. 

The order and numbers in this table are those given by Dr 
Mathiessen. The numbers give the relative electro-motive 
forces, and are calculated on the scale of copper-silver as unity. 
The greater the difference between the two numbers, the 
greater the electro-motive force. When two metals with the 
same sign are associated, the difference of the numbers gives 
the electro-motive force of the pair, with different signs the sum. 
Tlius the electro-motive force of a bismuth and antimony 
pair is 25 — (— 10) = 35 ; of bismuth-copper, 25 ~ 1 = 24 ; 
of iron-antimony, — 5 — (— 10) = 5. Tellurium, from its 
rarity, cannot be i)ractically employed. The structure and 
purity exercise an imi)ortaut iniluence on the electro-motive 
force. The numbers of bismuth and antimony in the table 
are given for those metals when cast. Commercial pressed 
wire of bismuth would stand as 30, and antimony as 2. Tem- 
perature has also an important influence in determining this 
table. The order and numbers given are for temperatures 
between 40° and 100° F. For other temperatures, the table 
would be different for several of the metals. 

It will be seen that metals like bismuth and antimony, 
which have a crystalline structure, are best suited for a thermo- 
electric pair. We found (26) that tourmaline, when heated, 
shewed an opposite electricity at each end. If it had a 
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low conducting power like the metals just named, we might 
expect from it a thermo-electric current instead of mere 
polarity. It is probable that the crystallme structure, how- 
ever, accounts for the appearance of electricity in both cases. 

Thermo-electric Battery . — One bismuth-antimony pair is 
very little power. To increase this, several 
pairs are associated together, as shewn in 
fig. 123, where the same tension-.aiTange- 
ment is adopted as in a galvanic battery. 

The heat in this case must be aj'plied only 
to one row of soldered faces. The current 
effect depends on the ditfereiice of tempera- 
ture of the two sides. Wlien a strong B 
current is required, the one series must bo 
kept in ice or in a freezing mixture, whilst 
the other is exposed to heat radiating from 
a red-hot plate of iron. As in the galvanic 
pair, the electro-motive force is propor- 
tionate to the number of pairs ; the size of the bars, like 
the size of the galvanic plates, merely aiding to diminish 
the resistance. The electro-motive force of a thermo- 
electric batteiy’ is small ; according to Dr Mathiessen, that 
of 25 bismuth- telhirium pairs equalling one cell of Daniell's 
battery when the one series is kept at 32"’ F. and the other at 
212® F. In consequence of the low electro-motive force of 
the thermo-electric battery, the galvanometer to be used with 



H C AT 
Fig. 133. 


it must introduce as little resist- 
ance as is consistent with the 
best efiect on the needle. Hence 
special galvanometers are used, 
in which the coil wirc is short 
(200 turns) and thick incli) ; 
these are called tliermu-galvano- 
meters. 

When a great number of pairs 
are formed into a battery, they 





Fig. 124. 


may be conveniently arranged as in fig. 124, which shews 
one of 30 pairs. The odd faces, 1, 3, 6, &c., are exposed on 


the one side, and the even faces, 2, 4, 6, &c., on the other. 
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The tenninal bars are connected with the binding screws 
w, j}. The interstices of the bars are filled with insulating 
matter (gypsum) to keep them separate, and the frame in 
which the whole is placed is of non-conducting matter. 
Such a pile in conjunction with a thermo-galvanometer forms 
a most delicate thermometer for radiant heat. When placed 
in a room, the temperature of which is equable all round, 
no current is produced ; but if heat be radiated more on 
one side than another, a current ensues. If the hand, for 
instance, be brought near on the one side, a current indicates 
its radiant power ; or if a piece of ice be brought near, a 
current is also shewn, but moving in the opposite way. 

135. Thermal Effects produced hy the Galvanic Current . — As 
heat or cold produces a cTirreiit at the junction of two dis- 
similar conductors, we would ex]»ect that if a galvanic current 
be made to pass through the junction, heat or cold would 
follow, and such is found to be the fact. When a cuiTeiit 
from a voltaic cell, passing, as shown in fig. 125, 
through a system of three rods of bismuth, 
antimony, and bismuth, at the junction, 
where the current jmssos from bismuth to 
antimony, cold is produced ; and at the 
other, from antimony to bismuth, heat. If, 
for instance, water be placed in a hollow at 
cither junction, cooled to 32° F., it W'ill 
become frozen when the current passes from 
the bismuth to the antimony. When the junc- 
tion of thes(‘ two metals is put into the bulb of 
an air tbermometer, so that a current can be 
sent ihroiigli it in either way, the air expands 
when the current goes frmu antimony to bismuth, but con- 
tracts when it goes in the opposite way. Powerful currents 
must not be used, otherwise heat will be produced at all the 
junctions. 

Seebeck was the discoverer (1821) of thermo-electricity ; 
Nobili invented the thermo-electric pile (1834) ; Peltier (18^) 
first observed the thermal eflects of galvanic currents at the 
junction of heterogeneous conductors. 



Fi^. 125. 




PRACTICAL APPLICATIONS OP CURRENT 
ELECTRICITY. 

Electro-Metallurgy. 

130. Elect ro-metallnrj.^ ;Fr. galvincfufutlcj Oor. Galvano- 
plastik) is the art of depo^^itiir^, electro-cliemically, a coat- 
ing of metal on a surface prepared to ri'ciive it (102, 105). 
It may be divided into t\V(» great divisions — electrotype 
and electrO'plating, gilding, (fve.— the former including all 
cases where the coating of metal has to be n moved from the 
surface on which it is dej)osited, ami the latter all cases where 
the coating remains permamuitly fixed. Oold, platinum, 
silver, copper, zinc, tin, lead, cobalt, nickel, can be deposited 
electrolytically. 

Electrotype — the art of copying seals, mi'dals, engraved 
plates, ornaments, &e., by mean- of the galvanic current in 
metal, more es])ecially copjier. The manner in whiidi this is 
done will be be^t understood by taking a ]»articnlar instance. 
Suppose we wish to co]>y a seal in '*ot)per : an impression of 
it is first taken in gutta-perclia, seahng-wax, fiisibh; metal, or 
other substance which takes, ^^hen hented, a sharp imju’ession. 
While the im])ression — say, in gutla-percha — is still soft, wo | 
insert a wire int(» the side of it. As gutta-piircha is not a ' 
conductor of electricity, it is necessary to make the side on 
which the impression is taken conducting ; this is done by 
brushing it over with ]»luinbago by a camel-hair bnmh The ' 
wire is next attached to tlie zinc pole of a weakly charged 
Daniell’s cell, and a coj)j)er jdate is attaclied l)y a wiri^ t(» the 
copper pole of the cell. When the imj)res.sion and the < '»pper 
plate are dipped into a strong solution of the 8ui])hate of 
copper, they act a.s the - and -f- electrodes. The ertpper 
of the solution begins to depo.sit it.self on the inij)re.Hsi(ui, 
first at the black-leaded surface in the vicinity of the c«jn- 
necting wire, then it gradually creeps over the whole con- 
ducting surface. After a day or two, the irapres.sion is tiikcn 
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out ; and the copper deposited on it, which hae now formed 
ft tolerably strong plate, can be easily removed by inserting 
the point of a knife between the impression and the edge of 
the plate. On the side of this plate, next the matrix, we have 
a perfect copy of the original seal If a medal or coin is to be 
taken, we may proceed in the same way, or we may take the 
medal itself, and lay the copper on it. In the latter case, the 
first cast, so to speak, that we take of each face is negative, 
shewing depressions where tlie medal shews relief ; but this 
is taken as the matrix for a second copy, which exactly 
resembles the original. The adhesion between the two is 
slight, and they can be easily separated. The cell of a battery 
is not needed to excite the current. 

SIliiil!''’ -i A A galvanic pair can be made out 
i ii object to be coated and a 

✓ , f shews how 

this may be done. B is a glass 
■ujlllji nil j ve>sel, containing sulphate of cop- 

I i'i Mi;, . [|H P^‘*‘ i ^ another, supported on 

H \ ^ Hi ^ ^ frame, and containing 

BB” ^ I ^ a weak solution of sulphuric acid, 

iiijjjll ,|jl , ■ filths vessel, A, is without a 

^ bottom, but is closed below by a 

Pig. 126 . bladder. A piece of zinc, Z, is 

put ill the sulphuric acid, and a 
wire, D, coated with insulating varnish, establishes a con- 
nection between it and the iin]>reBsion, C, which is laid below 
the bladder. Electrotyjie is of the greatest importance in the 
arts ; by means of it, engraved copper plates may be multi- 
plied indefinitely, so that ]»roof-impre88ionB need be no rarity ; 
wood-cuts can be converted into copper ; bronzes can be 
copied ; and several like applications are made of it too 
numerous to mention. By connecting a copper plate ready 
for corrosion with the -f- pole, and making it a -f electrode, 
it can be etched with more certainty than with the simple 
acid, and without the acid fumes. 


137. Electro-plating , — Tliis is the art of coatingthebasermetals 
with silver by the galvanic current. It is one theoretically of 
great simplicity, but requires in the successful application of 
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it very considerable experience and skill. Articles that are 
electro-plated are generally made of brass, bronze, copj)er, or 
nickel silver. The best electro-plated goods are of nickel 
silver. When Britannia metal, iron, zinc, or lead are electro- 
plated, they must be first electro-coppered, as silver does not 
adhere to the bare surfaces of these metals. Great care is 
taken in cleaning the articles ])revj(nis to electro-plating, for 
any surface impurity would spcdl the sac ess of the operation. 
They are first boiled in caii&lic potash, renn)ve any adhering 
grease ; they are then immersed in dilute nitric acid, to 
dissolve any rust or oxide that m;>y l)e formed on the surface ; 
and they are lastly sc oured with fine sand. Before being put 
into the silvering bath, they are washed with nitrate of 
mercury, which leaves a thin film of mercury on them, and 
this acts as a cement between the article and the silver. The 
bath where the electro-plating takes j)]ace is a large trough of 
earthenware or other non-conducting substance. It contnins 
a weak solution of cyanide of silver in cyajiide of potassium 
(water, 100 parts ; cyaiiiile of ])otasdiim, 10 parts ; cyanide of 
silver, 1 part). A plate of silver forms the -f electrode ; anvl 
the articles to be j»lated, bung by pieces of wiiv to a mehd rod 
lying across the trough, constitute the — electron h*. When 
the plate is conned ed with the c(»j>ji r or -f pole of a one or 
more ccdled galvaiiit batteiy, according to the. strength 
required, and the lud is. joined with the zinc, or — pole, 
chemical dccoinpositniii immediately ensiu*.s in the hath, tlio 
silver of the cyaiii«le begins to depo.^it it.self on the sus]>ended 
objects, and the cyanogen, liln'i-uted at the j)late, dissolves it, 
re-forming the cyanidi* of silver. According, then, as the 
solution is weakened by the loss (»f the metal going to form 
the electi’o-coating, it is strengthened by the cyanide of ^l^ve^ 
formed at the ]date. I’he thickness of the j)late depend-’ on 
the time of its immersion. Tlie electric current thus acts as 
the carrier of the metal of the jdate to the objects immersed. 
In this way, silver becomes perfectly plastic in our hands. 
We can by this means, without mechanical exertion or tin*, 
craft of the w'orkman, convert a piece of silver of any shape, 
however irregular, inb^ a uiiiform plate, which covers, but in 
no W'ay defaces, objects of the most complicated and delicate 
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forms. Wlien the pkted objects arc taken from the bath, 
they appear dull and white ; the dulncss is first removed by 
a small circular brush of brass wire driven by a lathe, and the 
final polish is given by burnisliing. The process of electro- 
gilding is almost identical with that of electro-plating, 
only the solution must be k(‘pt hot. Success in either is 
attained by projjer attention to the strength of the battery, 
the strength of the solution, tlie temperature, and the size of 
the -}- electrode. In Ihrminglium, magneto-electric machines 
are used extensively for furnishing the necessary current in 
plating. 


Electric Light. 

138. When tie' ends (»f two which form the poles of a 

powerful galvanic battery are mad** to touclj (1 and then are 
sejiarated for a short distanc.e, llie cum nt which ]>xsse,s W’hen 
the conta<'t is made doe> not cea'^e amiIi tlu' 6i‘i)aralion, but 
forces its way t.hnmgli tin* iut'T\ eiinig air, accompanied with 
an intense ('Voliition ol liglit and heat. So great is the heat 
evolved that the ino>t ivliadorv m« tal.^ are nu lted by it, and 
lhcrefv)re some substanci* rivalling tin* luetal-- iii conducting 
power, but iniicli mon* intii'ihh, nui.-l be f.»und to act as the 
poles, to allow of the « out inuai i>'n (.f tlie current in such 
cirouiiistunces. The vanou.', loim.'' of carbon are well suited 
to this ]'ur]»o>i* ; tin* more t<»m]»a> t formic of diarciial answer 
very well ; baked carbon so' answers better; but the coke 
lliat is sublimed iiii-nle tin- retort- in the di'^liUation of gas, 
both fc»r durability ainl conducting power, makes by far the 
best poles. Sir Huinphiy l)a\\ hi-^t di>covered and 

described the electric light. Tig. TJ7 icjuvstnts a simple 
arrangement for ]>iodin ing it d’ln* carbon-points, P, X, are 
fixed into hollow bra^.s roib, which are connected with the 
battery by wires entering at tlie binding screws s. The 
rods slide in the heads of the glii'^s jullai’s A, A, fixed to a 
stand, so as to aebnit of the points being placed at different 
distances. The wia's from the battery-poles being properly con- 
nected, the points are made to touch, auid are then 'withdrawn 
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a line or two, when the most dazrling light ensues, rivalling 
the light of the sun in jnirity and epleiidour. Its intensity is 
such as to prevent the eye from cxamiiung the particulars of 



its proilu ’tic'iL TIh'm’, ho\\)\t r. may he l)y pro- 

jecting witli a h-ns of short lotu^ the images of the points on 
a KcreOii, wlieii they are seen a- shewn in the figure. The 
light is I'ouml to ari'e vhi‘ lly from the intense whiteness of 
the tips of tin; eathuii rotU, ami p.irtiuliy from an arch of 
flame extemling fioin the om- to tlie oilier. The -f pith* is 
the hrightest ami the liotU-L , a f.i t wliieh may l>e provt‘d by 
intercejiting tlie < arienl, win n tin* + jiole continues to appear 
reil for some time .ill< i tlm - p*>Ie li;n become dark. 

Ituring tlj(‘ imont* mue e oI tin* light, a vi-ihle i liaiige takes 
Jtlaee in the eoiidilioii (»f tin- }>■ ’ s. Tint 4- p(»le expe- 
riem es a los" ot mati'-i ; particle-^ of caihou ])uss from it 
to the — pole, wii.ii they partly le.n h, ami j>artly are 
burned by tin- <-\\^en of ih-- an t-n the way. 'J'lie same 
take" j dace, thuii.h to a mm h h s' « \l*’nl, with the — ])ole ; 
so tiiat while tin' . p« !-• hollnwed out or hlillit 

hv it." l<)S",e", tin — }t--le leinain- jM.initd l>y its apparent 
gains. 7'ln‘ w:e^ling awa\, j»aiti- ulailv of tin* -f- ])oie, 
in a shoit lime remhi> the «li'lame hetw'een the* j>oI"" too 
COlisiderahie to alh'W ..f ill.' ]»a.>sago of the CUIleut, lU'd tliO 
light is thus hiid<l<*nl\ exluiguislnd, until again rein.wa i l>y 
contact and ^emo^aI. d he p'dnt-j may he removed with a 
powerful battery fmr or fivt: millimetn-s before flie cireiui ig 
broken. The Irunslerence of matt«*r between the poh s ih 
coiLsidered to account foi the existence of the arch of flame, 
and the passage thrrmgh the air of the current, as thereby a 
conducting medium extends between the poles. The heat of 
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ttis arch of flame, or voltaic arc (Fr. wrc voltaiquCf Ger. 
gcUmniicher Flammenbogen), as it is called, is the most intense 
that can be produced. Platinum melts in it like wax in the 
flame of a candle. Quartz, tlie sapphire, magnesia, lime, and 
other substances equally refractory, are forced by it into a 
state of fusion. The diamond when jdaced in it becomes 
white hot, swells up, fuses, and is reduced to a black mass 
resembling coke. In this condition, it is still hard enough to 
•cratch glass, but possesses almost no consistency, giving way 
to tin; presvsure of the fingers. 

The electric light is cause<h not by the combustion of the 
carbon, but by its being brought into a shvltj of incandescence. 
The electric light can, in conse(juence,, he j»rodiiced in a 
vacuum, and below* the surfae<‘ of \\at<T, oih, and other non- 
conducting liquids. It is thu" (juite imhquuident of the 
action of the air, a circumstamc which may \et he turned to 
useful account. 

With a batt( ry of some lifly Buri>eirs elements, a light is 
produced of very great brilliancy ; but wluui very gi eat pow’er 
is to be obtained, as wtH a* brilliancy, tw u o or thrice that 
numlier must be c'mjtb-yed. Filt\ e» 1]> gi\e an electricity of 
the needful tensitm to pn»dmv the liglit ; and if more be 
omjdoyed, they mu''t add t«» itv Mrmgth, and not its tension. 
Thus, if IfiO cells be u^-il, thev w<>uld In best arranged in 
three batteries, the -f jndes of all ihrec* being joined to funu 
one -g pole, and similarly with the - jmles. With a battery 
of folly or lifly cells, no pointing of tlie r.»ds is necessary, as 
this is done by the action ol the eleciiuits itself. 

The Pj>ectruin of the electric light is loiiiid to abound in 
violet rays, and hence it is well a<lapted to j)hotograj»liic 
purposes. Fizeau and Foucault huiiid that witli a battery of 
46 Bunsen cells, a light w;is obtaiiieil wliii h had 34 times 
the photograj^hic etlioacy of the lime- ball light, both being 
tested by the effect produeed on a jdate covered with the 
iotlide of silver. The Siime electric light, when couiparcnl in 
tliC same W'ay with the sun, wju» found to sUuid as 23 to UK). 

139. Electric Lamps . — ^Ahirious ariungements have been 
invented for maiutainlng the steadiness of the electric 
light The aim in all bucIi is to keep the carbon points, 
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some mecltanical Ci»ntJ-ivanco, witliiii such a ilisianco of 
each other that the current ca.u In tweeu them. Foucault* 
4 ude<l by 1 )uIk>i*c(j, wha the who constructed 

an electric lamp et this tlesi riplion. In it, )>y aid piirtly 
of an electr> tna; 4 ^net, aiul |artly **f tU»ck-\\ork, the two 
points orti laadf to trawl 1« wuoi'^ ^a. h other at rates 
corn‘‘^jKUjdin^' to ihu-sc •*f ilu ir « 4‘n-i! n»{iti«>n, the -f pole 
in this wav tniVelliri;: ' tiiaii Hu- A detent is 

!ixe«l to th»‘ kt-epjT ot tin* rl. tti -inat^Miet^ wliicli locks the 
clock-w.»rk wlo n ihi* k*-ej«T I'nai^^ht up to the luagnet, 
and withtlraNX" il wle u it i*' a\\.»\ fn*m it. Tlio kt‘«.‘j»t*r in 
act(‘d \ip«>n 1 ^ a » ■<aut»*r-'j riii_, whp h diaws it auay I'nun the 
iiiape t wh»M tin* * turt iit d.M - 11..1 .-.r.-ulatj*, 01 ulicn it is too 
weak le t *‘tlr iivt-ly. 'tliU', ulu n tin* ]it»ints wa>te away 
ami .seimnil*' trom ra« h »*thcr, tie- • urrcnl hr. oines weaker, and 
when it p•t^ s.» w.ak to luipair tin sphielnur of the li;j:ht, 
il is s«j arraii;^'.-.! that »li<- -pnii di.iw ^ aw ii\ t hr ki’eper, and 
then-hy liheiatr'- ill - Mk-w.-jk. Tin* jx.iiit.'* air miw made 
to a]>j'r<»a(di until th-- .un.rit, l*\ lit’ iirannj: of the points, 
acpiiien Milh' K nt -I:. !i_tii to 'liaw tie- krrprr to it and iiiseit 
the detent, d’in i. 2^t}i-^^ a .'-n taiit l.>< kin ;4 a?id iinloi'kiti}.; 
of the ( lock- V' -I Iv, a -.1 tin- jM-nil.-' arr krpt at liie di-'tam'C 
tith*! to ptodu.r ilr- neoj hiiliiaiit 'cht. In tin* simpler 
I'trm it[ lainj*", pio^. -:.,n n-a mad. to kerp the plants, a.s in 
Dul' 0 '«'<|’- 1 , at th- ‘.i!:r J* • rllo!i, l>Ut it l'^ oldv houeht 

t<v k*rp thrir oi-tan-'.' tlir »-anj--. 'I’lir r(minnij»tioii 

of tin* -- polf 1 . ;..H that, it o. .a-ioiis liltir incon- 

xenicunr to kr^p it ri\- i, ;ind to ...jitiiie the motion of 
aj’t'io.eh t.* tin- 4 p' O' An in^riu ai^ and simple lamp 
ol tliH kind i.- joali- h\ Mi Hart ot Kdinlaii^h. 'rim 
weight of tin* I'o.l in \^hi h tin- »arl» 4 /ii i.-. li\»-d Kupphr^ the 
jdace t»f llie tlork-w.-ik m 1 >iil' o i.imj>, and an ideMvo- 
magnet U-U it ile-einl or Jov k^ it, aeianding as the cnrlMms 
are io!i>uiuetl A lamp of < ither kind gives a hniliaiit 
ill uin mat ion to the magi.; lunt*rii or ««dar micioHcoj»e, 

140, The attempts whicli Ixav'e Ikm u made to buhntilute the 
electric light for coal-gas in lighting U[i streets and publn; 
places, have hitherto proved unsuccessful. One element ol 
imperfect success is to be found in the uncertainty of the 
o 
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light And the care attending it« OKe. By contrivancea timilar 
to those described al>ove, the light may be continued for 
hottxfty but even then it is by no means perfectly steady^ and 
the apparatus cannot 1>e safely left without an attendant 
Another ariHes from the striking and unpleasant contrast of 
light and shadow that accompanies it, rendering, as it were, 
the surrounding gloom as inanifof't as the brightness of the 
light It has, howrvt-r, bi*en us**«l with excellent effect where 
a limiU-d sjijum* had to be lit up for a few nights, such as in 
the construction of bridges a^’n*^s lixera and tlie like. It has 
nlwi lieen apjdied with sucee<»j» to light-house illumination. 
The light-lmusu ut Dungcness h.is been lit up with it since 
1HG2, and tliat at 1^4 Ib ve, ihmf Havn*, since 1H63. It has 
Wn found from Ihew that the j»o\\er of the electric liglit to 
}KmotrttU‘ f*»gs is innneuHely huj>erior to lliat of the usual oil 
light At both light■}iou^es the tuirent is got fnun magneto- 
electric inaehiiH H. dnvi-n by ste ".m-» nginew, The m.-irhine at 
Pungc*nes« w.is designed by l‘i ll dne'^; it send?, V.»y 

ineattM of a ciofuiiuiutoi, tlw curn-nt in a unif tnii direction 
to the carbon ]Miint'<. The inleieity iff light is said to 
1h^ os 7 to (» uheii eoinpared \ut!i th;»t <»f ^unlight. At 
loi Ib've, the alteni.ite curnnt.- :i:e --vuit to the pointa 
witliout the inlen'ention of a e' lmmiUilor, which is atteudetl 
with this RAlvautage, lli.it liolli caibon-. are c(»nsn!ned ut the 
fvmie rale. The cariioUM are ten iin he" in length, and 
last live hours. They are Kepi uiie mil'inu-tn* apart The 
expense of maintaining the ligltt, iiul j iing cavils, interest 
on ca])ital e\]>ende'b tMihous. wil.ni* is uhout two 

Hhillings j>er ln'ur at I>;i Ibot*. The gilvani-- battery has 
llitherto b<*en found t"o tioul<le>ome h suurec* (if electricity for 
lijrht-houses. iHichentiii h.is lately. lu>\\ever, Ciuistni(;te<l a 
f« 4 iri«s hattiry^ when' a constant cnrrtuit is maintuirnsl by the 
simple action of s(m water im zinc, which may yet prove 
important lor such }uirjH>>e"\ A cylinder of carbon ojid a 
plate of «inc aw attached to a float of cork, and moored V»y 
conducting wirea to the sliorc. As tin s^ujiply of the exciting 
fluid is inexlnmstibU’, no care is net*ded to keep the pair in 
steady working oixlcr. It has yet only been tried on a small 
scale. 
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Exploding Gunpowder at a Distance. 

141. The application of tlie galvanic cum'nt to explodinjj 
gnnpowjer at a dif'Unce (U'jK*nd!» <»n tin* power it ha!^ to ignit« 
thin wire.s of coinpamtively Ua ] « ondM‘tino nietala, such aa 
Btcel and platinum Tin* ( 'irrt*nl imi^t he transmitted 

to the point wheie the explo-i n t<» take jdace hy good con- 
ducting wire.-<, and tin* tliin win* made to c«>nnect tlie two 

ends of these w'lre-i in tie- L'unjMmd.-r. A red-heat is thus 
only develojK-d at tie ppnt where ii is re([uired. The circuit 
is not completed until .xll arrangements tor the idasting are 
ready, and all pt rsoiis coiaieete<i with the, jireparations are at 
a iMife distnnee from it. R<.hert' • ls;ts) devi.sed a method of 
conducting galv<inie hlit'^ting wlmh lm.s sinee 
hecoiiK* universil. It is t-ln wn in tig. 1‘2 h. A tin 
tuhc, 3 inclios long and J td‘ an iie li wi.le, is lilled 
with gunpowder, and 'topj.ed with a cork at eaeh 
end. TUr<»ugh oue of the ci.rk-:, two <*opj,<.r wdres 
are inserted, einling in the carlndee in wmn tliing 
like a ]»air (d horn-. The win-, an* insul:iti‘d 
from each otlier hy woollen y.irn. d'hev are I'on- 
tinued without the ealindje for ah., .a 10 leet, 
when they pait (’oni]Mii\ -o a-i to .illow the hatleiy 
wire.' to he attai iod to ih. ni. Tie* end-* <d' the 
horns within the < ariridge ar- eonii' < ted hy a thin 
st(*el wire, .} an iie h in length, Wfnnid roimtl and 
StddcTt'd til each «d theiii, At the end-* there i-J of 
course iio insulating matter; indeed they muM he 
tiled or cleaned hi l > make the rimneetion with 
them and the thin wne <a,rii)di te. When a hole is WeiTifop 
hl.isting, hay C or 7 i -et hug .md 2 iijidie.s wide, the chat'ge 
of pcjw<ler and the (.iilridge an- iiiH iinl so that the cartridge 
lieii in the middle «if the charge, uml the rest of the hore is 
filled with straw* and sand in the u'-iutl way. The lO-ffsA 
wires pn^jeet beyond the Imle, and the hatter}* -wires can l)e 
conveniently attached to them. Whe*n all i.s ready, the circuit 
u completed, and the cxploaiori immediately follows The 
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«tcel wire h burnt away by the current, but the long cop]>er 
wireft are uninjured, and rea<ly to be fitted up as before. Such 
cartridges aie generally kept ready for use in mining establish- 
nients. In long circuits the function of the return wire may 
be performed by the earth, us in the electric telegraph. 

When si'veral charges have to lx* fired at once, the whole 
are generally included in one circuit. As then^ is always some 
difl'erence in the steel wires, i»r in the way they are fitted, it 
not unfn'quciitly hajipens that one cartrid^'c i.s tu-ed before 
the others. TIjc circuit tliu.-> br<»kin, and the filhcrfs are left 
nnfjied. AVith thi't arrang*iiH nt, there is no certainty of u 
himullaneous dihcliargc. In mo h cases, the galvanic cur- 
rent must h(‘ aliaiidouccl, and rccnur-i* inu-^t bt* liad to the 
tdeclricity of the induction coil. It tln^ treK fif the wires 
within the la- brought s<. near that the induced cur- 

rent <‘an h*aj> ovt r ilie <h.-tan'»- b* i\\<en ibein, no steel wire is 
neede(l, tin* indu«'ti\e j-jiaik it-, d '.m elb-t t tlie ignition. After 
exploMum, tin- didaiice ol ila tnd.H ii nii.n- the .^anie and the 
sjturks coutinin*. 11, tii< n, iiere )*«• .‘'cv- r.d i h.irges to he fire<l 
in the Kiine i m iiit. the In.ng ol out* do* - imt ‘-tup the current, 
wdiich coni nines « vi-n all. r all ha\ • b. < n fired. The induc- 
tion spiuk does Hot, no\\<\er, k-ialie gmi]*o\vder with cer- 
tainty, so tliat betw.en tlie eii<ls ^-aiie material must be 
jilaceil iiiou* ea-'ilN ignited thin unnte.wde! — such as white 
gunpowder, gunooiton, \e. Wlieii tie numher td' .simulta- 
neous exjilosioii-' Is gPMl live or six , some very reioiily 
eJlplodetl bnl'sl.oici , mi< li lo- I'ulmin.itiiig inercuiy, iiin.st be 
JillCed in the Jialli ol tin ^p.lrk di^i halve. 

Ah(fs /nsm, lately intjoiuc.-d, uie all that ean be wi.sb(‘d in 
the way o! eertainty and sjinpln itx. Als I dot-s not use a thin 
phlinuniwire between the twa* * ircuit terminations, but he 
uw“8 what is in ellVet the same a mixture that conducts, but 
conducts with dUli^ ult\. Ills luse-' aiv primed with a mixture 
of chlorate of j>ota.s,siuiu, .subphviN|»hide of copper, and subsul- 
phide of cojqsr. The conducting ingredient ia the subsul- 
jdiide of copper, which must be abided in such a proportion a.s 
to render the whole ditticultly conducting. AVhen the current 
passes through the mixture, it develops sutheient heat to 
explode ib and thereby tiie charge of guupow'der. Abel’s 
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fuses ape chiefly intended for the electricity of the map;Tieto- 
electric machine or of the induction coil, although the 
ingredients may ho v‘»o compoundod as to soi^'e also for that 
of the voltaic hatt<TV. A very email machine is sufticicnt 
for the pur}Hiso. The lillh* ]•• • kct machines employed 
for Uiedi(uil purjjoses tire rcadii\ one <*t' these fuses. They 
are very Hniall, some of them al* -ut h.iK .m inch in length, and 
half the thickm^^s of an ordinal \ peiicti 


Electric Clocks. 


to a geie ral d<- 


14*2. Kloctric i]o('k^ may 1 m* <livi«led into two cl asses— tho.so 
in wliiih the iinpuU** is to the pemlulom directly by 

electric' power, and IIiom* in wlii< h it i.s givt n by a weight or 
sjiring allornati ly lih. rat* d and resti.iined by electncily. Of the 
tii>t kind, that invcnird b\ I;aiTi l*'|n. in be^t knowai. In the 
orilinary cb'ck, it i-** tli* .lock that iiio\t;-, the pendulum ; in 
Ikdn’rt clock, it i.s lie- j.cjMbilnm that ncAc.s tin* clot'k. As 
fill' construction of the pendulum h the (Uily part of it 
connected Mith ei.*- iri- ity, Me bliail confine our notice 
e'ui]»ti«'U nf the pcnduluiii action. The 
l.'wer part <.f llie jandulum ar- 
raug. ineut i" sIicmii in tig, 129. 
d lie boll, r., consults of a bobbin 
ot ni.Milatcd copper wire, and 
hollow in tb»‘ ceiitn* ; the wires 
v\ w fnim both ends run along 
e.i* h side of tlie ])eiululum rod 
K the lower jmit of Mhic.li alone, 
is waiii , and are, in metallic, connec- 
1 n ie.'«i)eeiively with the two 
Springs from whicii the ]>cndulum 
hongji. Tm'o magnets or bundles of 
magnetic nxl.s NS, N S', are fixe<l at 
either side of the bob, ninl are of 
auth dinienisions that the hollow bob in its oacillation can 
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pass a certain way over eacli without touching. The magnets 
have their like poles turned towards each other. The two 
springs of the pendulum tckI are in connection with the two 
poles of a galvanic battery. In the connection between one of 
these springs and the battery, there is a break (not shewn in the 
fig.), worked by the pendulum rod. When the pendulum is 
made to move, say towanls the right, it shifts a sbder, so as to 
complete the connection Ix^tween the poles of the battery. 
The current thereupon descends one of the wires of the pen- 
dulum, passes through the, coil of wdre forming the bob, and 
ascends by the other. In so <h‘ing, it converts the bob into a 
temporary magnet (1 1 3*, the south pole towards the right, and 
the north pole towards the left. In this way, the south pole of 
the bob is repelliHl by tlie south ]»ole S of the right-hand 
magnet; and its north j)ole is atinuted by the south jwle S' 
of the left-hand magnet, so that fruntliis double r«*]uilsion and 
attraction both acting in the same direction, the hob receives 
an impulse towards the left. Partly, therefore, fr«>m this 
impulse, and ]>iirtly fnun its own weight, the i>eiKUilum 
descrilK?8 its left oscillation ; ami wlien it reaches the end of 
it, it moves the slidiT so as to cut off the bvittery current, and 
then returns towanis the right, under tin* action simply of its 
own weight. On reaching tin* e.vtn nv* right, as behire, it 
receives u fix's)! iinjnil^t' ; and thim, under tlie electnc force 
exerted during it-' 1< ft o.scill.ition, tin* motion of the pendulum 
is maintaiimd. So long as the ele<’tri< ity is Riij>plied, the pen- 
dulum will continue to inovt-, Thecuir nt rspiired is exceed- 
ingly weak, and Ikiin considennl that it could be sutTiciently 
exciteil by a plate of c(»p|n*r and a plate of zinc, sunk into the 
ground, and acted ujH>n by th«‘ moisture usually found there. 
This eartk'batfrrij, as he calU**! it, was cx]K*cte<l to act steadily 
for years ; hut tin* ix*siilt pixoaxl far t>thervvise, for the soil not 
uiifrequently <lri«‘d up, h*i4ving no trace of electrical action. 
The im|>erfection (»f the Ikatteiy has k*d to a strong prejudice 
against these clin-ks — stmngt'r, certainly, than they merit. It 
bate been found, however, by tliose wlio have employed them 
for astrouomic^d pur}X)^es, Unit little dependence could be 
placed on them, and that the proper conditions of ptUKlu- 
lum motion were, from the unsteady supply of electricity, 
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interfered with ; hence the opinion has bt‘en generally accepted, 
that a pendulum moveti iuimediately by electricity, doee not 
keep very accurate time ; and the efforU that have of late been 
mode in tdectric cl(Kk-iuakiiig, have aimed at rendering the 
pendulum indcpiMident of the irregularities of the motive 
agent 

A YCTj itni^Kirtant applionti ■» ot !{4Uirs {Kuidulum has been 
made by Mr .buics of CheHt<T. Shnittv alter the invention 
of Bain’s clock, Professor \Vh< .itst*irie that any num* 

l»er of such clook*^ could be mail** t** iii(»ve simultineously by 
the same currt ut ut' eU- trii iiy. Mr Jones h.is turned this 
idea to acci^iunt in l!:e folU*wuig way. A ‘^tamlard elock of the 
usual construction m mad**,by regulating the flow of a galvanic 
current, to control the action v>f any nimilu r of copying 
clockfi, likewise ‘»f ordinary ciui.^truclion. The pendulum of 
the btiuidard chick itself, in no way under electric control, on 
passing towanls the right, U*u* he.s a s)>ri ug, placed at the side, 
thereby comjdeting the battory connection, and a current is 
transmitted to the ctipying chicks in a certain direction. On 
passing to the left si«h*, the .Hame Likes }>hue, but the current 
this time is s*Mjt through the iirciiit in the o{>|»o8ito 
direction. The jieiidulum.s of th*- copying-clo. ks are made on 
Bain’s principle, but have, ol t.mrse, no br*ak to move, as the 
priniary |>eiiduluni porloiins that tun* turn. JiOt us supjiose, 
at first, that all lie' pei».iul.iia-» an- at n .Ht. ; in this case, no 
current is tran'Juitird. Let liie htandard pendulum now be 
move<i to the right, tlie n;.dit spring h toin loMl, and a current 
at the sam*.* iiisUat circulab-s thpiUgh the lx>hs of the cop}*- 
ing fK'ndulariH, and thev tlnnhy ix-ct ive a simultaneous 
impulse towards the lett. All the pendulums move then to 
the left ; and on reacluru^the extremity of this oscillation, the 
standard jamdulum ton lies the hdt spring, and the secondary 
pendulums are now iinp»*lle«j to the right. The motion of eucdi 
secondary f>enduluni soon increasi's, until it reaches its pr*»per 
extent. The ]>eiidulums onc4; set a-going, are, however, not 
intrusted solely to the stimulus of the electricity, but are 
moved by their own weights, as in ordinary clocks, so that if 
the electricity ceased to be sent to them, they would go on 
Without iU It might be supposed that a confusion of the t ao 
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forcea, electricity and gravity, would ensue ; such, however, is 
not the case. While the motion of the clock is intrusted to 
its own weight, tlie pendulum submits docilely to the control- 
ling action of the electricity ; and thus a copying clock of 
little value may be invt‘8tcd with all the perfection of the 
most costly observatory clock. The success of Jones’s pendu- 
lum has been severely tested in the arrangement employed by 
Professor Smythc for tiring the one o’clock tune-gun at Edin- 
burgh. A clo('>k in thti ciistle t)f Elinburgh is made to liberate 
the trigger of the gun exactly at one o’cloi k. This clock is 
regulated on Joiu's’s ]irinci|)l»*, by a clock at tlie Observ'atory 
on the Calton Hill, nearly a mile distant. The (Observatory 
clock, by means of electricity, .st‘ts off a linio-ball on Nelson’s 
Monument, alxniL loo yards olf, at the same instant. The 
fall of the ball, and the tl.i-h of the gnu, though oceasioned 
each by its own eh»ek, are perl< • tly ^inlultane(a^s. 

In the socoikI cla«^ of ehv ti.c < 1 «m k.-, the eli'ciru'itv not 
charged iinniedfahOy xMilj^tl..- maini nntug of the ]v-n’lulum 
motion, hut draw?* uj* the weight, or h berates the sjuing which 
dineharges that Inin.lion. This is tin- sanie ]»rincip]i* as holds 
in W’hut is kiuovn in horology a^ the ‘ renionticr ' escapemmit. 
Mr SliejiluTd of Loud 'll WMs the til -1, t<i introilnce this prin- 
ci]»lv^, into electric < lock-ni.ikiiij, .ind one of his clocks on a 
large scale Wiis exhihiUd at tie- (he.it Kxhihilion of 1851. 


Electro-magnctic Machines. 

143. The.se lake ii-lvantago of the facility with W'hich the 
|x»lesof an eleelro-magnet luaN U- ifvyi.si d, by w hich attractions 
and repulsions may he so arranged >iith anuthiT magnet as to 
priHiuee a constant ndatuui. The fiirm-' in wliitdi they occur 
HIV exceedingly v.irioiis, hut tin- de'>cn|ttiv>n of the apparatus 
ill tig. 130 w ill sullieo to illustrate their ]»riiiciple of working. 
NS is a fixixi jieruianent lUiignet ,ii could be eipially well an 
electro-magnet) ; the elect iwmagnet, ti.<, i-i fixeil to the axLs^tf, 
und the ends of the coil are soldered to the ring r, encircling a 
pu>jectiuu ou the axis. The ring hiui two slits in it, dividing 
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it into two halves, and filled with a non-conducthijof material, 
m that the halves are insulated from each other. I^'ssing on 
this broken ring, on 0{>]H»site sides, are tNvo springs, a and fe, 
which proceed fr<iiu the two binding-KTcws into which tlie 
wires, + and — , from the bat lory are lixeiL In the position 



shewn in the figure, tie- - urn ut i< su[»p<i-.( <l t,i pa^'i rt, to 

the half of the ring in « **!iu*- lion wjtli tin- en«l /, of the coil, 
to go througli llj(- tn by fj l<» tin- otlu-r half f>f tlie 

ring, and to ])a‘<s alou;_' /<, lu jU n-tuni to the battery. The 
nuigneti^m indu<*d hy th** luinuit iii the elertro-magnet, 
makes s a K»uth an<l n a muth pole, by virtue of whi(-b N 
attracts js. and S attracts a lU' double attraction, ns ia 
brought iirto a line with XS, A%here it would leiiiain, did rn>t 
just then the «j»rings pass to the other halves of the nrig, au<l 
reverse the curreiit, iiiakin;: s a north, and n u Houtli iK^le. 
Kepulsion between the like, juries instantly enmies, aid ut 
is driven onwarls through a quarter revolution, and tlu-n 
attraction as )>efore l>etweeii unlike j^^des takes it through 
aiu»ther quarter, to place it once more axially. A jrerfKjtuul 
rotation is in this way kept up. Tlie manner in which a 
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constant rotary motion may be obtained by electro-magnetism 
being imderstood, it is easy to conceive how it may be 
adapted to the discharge of regular work. Powerful machines 
of this kind have been made with a view to supplant the 
steam-engine ; but such attempts, both in respect of economy 
and constancy, have proved utter failures. It has been 
found that zinc caimot Compete with coal as a source of 
mechanical action. 

Jacobi was the first (1834) to construct such machines. In 
1838 he constnicted a inacliine of j of a horse power, by 
nicans of which he propelled a small boat on the Neva. 


Electric Telegraph. 

144. The electric t<*legra]>h, like every other telegraph, aims 
nt ])nKiu(ung intelligible signals at a distance. The etymology 
of the W(»nl {tele^ far off, and f/rapAo, J write) implies that it 
is an iiistnniient for writing at a <iistanee ; but it has come to 
signify any means of cunveying intelligence other than by 
voice or writing. The idea of speed is also implied — telegraphs 
being seldom, if ever, cin])loyed when- they cannot transmit 
intelligence at a much tpiieker rale than can be done by the 
ordimuy' means of transit. There an* three agents, wliich, 
from the rapidity of their pn)pagutu)n, are. employed for 
telegraj»hing — sound, light, and electricity. Sounds, such as 
those of bells, guns, vVc., form a eonvenieiit means of sending 
a single message through short di.stances. Liglit and electri- 
citv immeasurably exceed sound as ready, rapid, and certain 
means of telegmjihiiig through li*ng liistauce.s. Light, though 
an extremely rapid, is by no means a docile agent It 
proceeds in stniight lines, and will not bend round the ball of 
the earth, or inequalities on its surface. The semaphore, 
which was an ocular telegraph, an*l the only good one before 
the electric telegraph, illustraU*d this. Towers had to bo 
erected iu prominent positions, within sight of each other, 
and the signals, which were made by arms on the top of them. 
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had to be retransmitt^ at every station. A large and well- 
trained staff was necessary to obseiTc and transmit, and 
withal tlie work was slowly done. In f*>KKy weather, luonv 
over, the semaphore wtis useless. Electricity, which rivals 
light in si>ee<l, is most docile and trustworthy as a telegraphic 
agent It silently wenils its way in all w^ealhers, over plain 
and mountain, across sea and laud, and delivers its message 
familiarly in the ortice or juirlour alimwt at tlu- proci‘<e instant 
it was sent. 

The various forms of electrie telegraphs in general use are 
electro-magnetic. The signals art* given by the deflection of a 
needle to the right or left, or l*y nic'chauism counected w'itli 
the aniiature of an electm-magiu t, which sways to and fro 
under the action of the magru t and a counti'r spring, or 
between two 0}>pttsitc elect io-magn. i'4. Electro-chemical tele- 
graphs have also l>cen designed, but they have never como 
into }H'rnianent luse. Electric telegraphs of all cla.'jsi's arc of 
two kinds— tht>se whiih merely give passing signals to the 
obsei^'er or listener, and tlioM* which ja rnuinently record their 
signals ; the former may be called hignalling, the latter 
recording teIegra[ilH. 'I'he number of inventions connected 
with the electric telcgrajth is ulmost endles-s, ami would 
engross a long s<n<‘s ut vohumvs i«*r their de3cri})tion. We 
shall lure C(Uiieut oui -.elves with giving a mere outline of the 
working of the tele; 4 iapli at j»ri*M*iil existing on most lines. 
The forms mont in u.-.e everywhe re at present are, Morse’s 
Telegraph and Cooke and Wlieathtoiie's Needle Telegrapli. 
For private use, some form of the magneto-electric dial 
telegraph employed. In ]K>int of himplicity and certainty, 
Morse’s system cannot Ik* exceeded, and even as regards spood 
it stands e4iual, or nearly so, to llie most i‘a}>id recoriers. \Va 
shall tlierefore give an ui coiinl of tlie general armngemeiits of 
a telegraph chiefly on M<.»r>»e .s system. 

145. Moru'i Ktcordiiuj InstrurnKtit, or as it is shortly called, 
the ‘ Morse ’ or ‘Kegister,’ is shewn in fig. 131. L ia the line- 
wire, and E the earth-wire, ermveying the current from tlie 
distant station. The current thus sent traverses the coils of 
the electro-magnet, MM', the armature, A, of which is in 
cimaeiiueuce drawn doMrn. A is attached to the lever U, 
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moving round the axis h By the attraction of A, the end V 
is lowered, and brought against the stud n. The armattire 
must not touch the soft iron of the electro-magnet on being 
drawn down, for if it did it would stick, and would not l)e 
instantly released when the current ceases (114). WTien 
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the end I' i.s tin* eixl / is rai'-ed ; at its inner 

end, earries a jMtifit or style, wliirli by the upward 

motion is brou;.'lit. auainst a strip of paper, PP", carrie<l 
towards P' hy llie tmIKts rr', set in iiioIkmi hy clock-w’ork, 
(\ (piite indejH*n<lentlY of electneity. The chx'k-work is 
liberated or sto])j)ed by the swit« h S. Tin* paper is supplie<i 
from a large r»ill i»r bobbin, abdve the instninienb which 
turns round as the ndb rs demand. So long as the style is 
elevated, the pajM‘r strip i> made hy the eloek-work to rub 
* against it. A line ilnis enilM..sv.Ml on its upper surface. To 
facilitate the tloing of this tln re i< a groove in the upper 
rolle]', op|>osite the style. AVln*n the eurre!it from the distant 
statiqu ceases, tin* lever ll is pulled hack to its original 
]v^sition hy the spring 5, and the style falls away from the 
]v\per. Tt» prt*vt*nt it falling too far, another stud, rn, lies on 
the other side of tlu* axis. 'When the circuit is again closed, 
the style once more marks the paj>er,and thus the lever keeps 
oscillating under the opposing ai’ti<»ns of the magnetism 
develojK'd by the trtUisuiitti.Hl curixmt, and the elasticity of tlie 


ELECTRIC TELEOKAPH. 


237 


spring 5 . The time that the Rtyle remains elevated, determines 
the kind of mark on the paper. If it is nearly momentary, a 
dot is imprinted ; for a longer time, a dash. We have tlms 
the combinations of an alphulnd in tlie combination of dots 
and dashes. The following is the usual Mui-se Alphabet : 


A 

B 

C 

D 

E 


! J 

K 

) L . - 

i M 

I N - . 


' S 
T 
IT 
V 


W 


F 

a 

H 

I 


o 

r 

li 


X 

Y 

Z 


Thus A is ii dot and a da^h ; I*», a da^h and throe dots, See. 
The alpluibot is so arrangt*<l ihat those letters occiining most 
frt‘quently are in**re ea-ilv j-igiialled ; thus, K is one dot; 
T, one ilash. An (‘\]H'rt tt h-^rapher can transmit IVtun thirty 
to f(»rty Words a ininnle hy this in^tiuinent on a lunddine of 
bel\\eeii 2<M) ami iiiih -, Sovoial nioditications of Morse’s 
telegraph have hetu male, the juiiuipal of which is to 
HUbstiliite ink niaiking fa- enih.— in/. 'I'lie l>eauUful instru- 
ments oftla- Siemens ami Ilal-ke .i.o- (tf < 'ds kind. 

A clerk that has 1m. n w* 11 ac. U'lomrd to a .Morse hdegiaph, 
in transcribing, s.l-i'.m hM.ks tt) the ])a]»er. Tim nieie 
clicking of the h'\er hf. «.iue-' a laiigna/e jm rledly inti !ligil)h! 
to him. lie need llnieh.re oid\ lo-.k to llie record wlieii he 
may hu\e heanl indi-lin. tly. Sii ('h.iiles Ihiglit dtii-.s away 
with the i\i ording ni-tiunu iit allo^'rth< i, and suhstitute'* two 
belN, t»rie inutUed, the oth* r t h-ar, sounded hy a haUiim r 
oscillating betw'»‘en them. The bid!> ^}»eak a h legraphic Jan- 
guage as quirk as the < ]oik (an wiiti . Jlecorvling inrtlrunnu'ts 
are genenilly cousideu-d prdeiai.h- to instruments wloi it 
mertdy signal, as they lix any fault of tran.siuis.sion or copy- 
ing on the l>arty at fault. Acou.die fcipiulhng, again, is jm^- 
ferable to ocular hignalling, as a p.;r&ou can Lear and write 
much more easily than see and write. 

14C. Trammitiing Let us now transfer our attention 
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to the distant station, to see how the current is transmitted 
from it. This is done by the transmitting key shewn in fig. 132. 
A brass lever, lly moves round the axis A. On opposite sides 

of the axis two 
nipples of platinum, 
m, w, are soldered to 
its lower sides. The 
nipple m is called 
the hammer. Below 
n is the stop anvil, 6, 
tijjpedwith platinum, 
which is in comiec- 
tion with the earth- 
wire E. Below the hammer, m, lies the anvil a, the nipple 
of which is likewise of ]>latii)nm ; a is connected by the 
wire C with one of the pules »if the pendinf» hatter}', gener- 
ally tho copper pole. Wlo ii the lever is left to itself, n 
and h are in contact under tlie force of the spring s. Wlien 
the hand presB(‘8 on tlu* ebonite (insulating) handle H, 
contact is broken at n and A, and (‘staMisheil at m and a. 
Three wires arc in connection with llie ki*y, E and C 
just named, and L the line-wire irum the distant station 
connected witli the. axis pillar, and therefore with the lever. 
When the k(‘y is in tlie reei-iving position, llmt shewn in the 
figure, the current from the seinling stati^ui takes the route 
L, A, /, 7 <, A, E, tlie Morse, then to eaiili. When H is jiressetl 
down, the kt^y is in the sending position, and transmits the 
l>attery current hy (\ fi, 7;/, A. L, to the distant station. The 
play of the anvil iin<l hammer iie<‘d noi he more than of 
an inch. This is more tliaii hullicient (loi ; for completely 
breaking the current, and it allows of siM*eily manipulation. 

147. The Jhttenj. — Tlie batteries emf>loyeil are in this 
country almost univei'sally Ikuiieirs, (Nmstanry and certainty 
of action is what is most wanted in the battery, and this 
DanieU’s battery yields. In Germany, Bunsou’s battery is 
also used, charg^^d with dilut<»d sulphuric acid, the carbon 
being immersed iu a mixture of 1 of acid to 10 of water, and 
the xinc in one of 1 to 2(X When l>atteries have to be 
moved about much, sand is put in to keep the liiiuid 
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from Rpillisg. The number of cells employed varies with 
the distance, the insulation of the line, and the delicacy of 
the instruments. The register, as afterwards mentioned, 
is seldom worked directly by the transmitted current, 
but by relay. To work a relay with good insulation, 60 
DanieU's cells will suffice for a tli.‘itiiTice of IMX) miles. For 
less distances, loss of course will suffice'. For short circuits, 
where the rosi.-.tauce is siiiall and current strtmg, small cells 
soon exhaust themselves ; hug - ells thordur' must btj used to 
maintain the s\ij>j»]y. MagnetOH-h-ctricity ih also employed as 
a source of the currmt. This arnwci-s well on short circuits, 
or for private telega) 'in, hut (xiuTiciice Iuls pnjved that 
the galvanie hatteia js hy f.ir the mod advantageous source of 
electricity for exteii'-jve telegrajdii* work. 

148. lloin Staiitmn air oaiiartn/ ttuii thrr . — 1’he imirtner 
in wdiich two stations are‘]t»ined up ’on Morse’s system is 
shewn in fig. Id3. II and lij are tiie hatteries at llie stations 



R, Sj ; y ar<^ th*' Iran-ndtf mg kt ys ; a, n\ tlie regi4et-< ; 
g, y'/the galvanonirtei' ; I.L th»- Jme-wnr in-nlated on po^tw ; 
P, Pp the earth-plai« tie* kov at tlie stalinn S, 
which is here r* j)ie-* ig^ d a- tlie .-“ndiiig htation, is deprey;-+<Nh 
the current fnun the h<tlterv ll tak's the fallowing cour^o. 
From the copjs r puh* ( \ of the battery 15, it goes to the anvil 
of A*, pasi^'S through k to the galvanom»-ter y, wliich liavii g 
traversed, it goes into the line LL to the receiving station Sp 
traverses the galvanometer, the key k', the coils of the register n'; 


240 


ELECTRICITY. 


thence it goes * to earth * at the plate Pj, returns by the ground 
to P at the sending station, and thus finally reaches the zinc |)ole 
Z of the battery B. At station S, 6 and n are out of circuit ; 
and at Sj, h' and battery B, are out of circuit ; n is thrown out 
of circuit, because* its coil otfers a ri'-si^tanc^ equal to several 
miles of the line-wire, and it is requisite to keep down the 
resistance to the minimum. If it were in circuit, lK)th 
registers could jirint siiiiultaneously, but that is not necessarv, 
one record at the receiving station being enough. The sender 
would thus have no idea as to wlietlii r his message, had told 
or not, (lid not the motions of tlu-. needle of the galvanometer, 

reveal lln^ cunents )»ut in circuit, d'lie gslvanometor also 
shews the ]»resence of earlli-< urrent.^^ on tlie line. If /i: w'enj 
left to itself, and/:' depreswMl, the station S, would tlieii he the 
sending and S the receiving station, and the counections 
W’ould he exactly as shewn in tin* figure, (»nly at oj)po.*>ite 
stations. 

Suj>p(»se the cletk at S wide-s to tclcgroph to^ S^, he 
depresses the key k several tini'", k* a-' to .>ciid a scries of 
dots and daslie.s giting tin* n;ime ••} the ^tati(tu. The atten- 
tion of S, is lii>t arre^totl by the clickiia.' of tin armature of 
the Motm*. lie theiMipon turn" the switdi S Jig. 131 , and 
sets the clock-work in motion, .ind "onds hack to S that he is 
ready, ainl tin* jinnting theit‘n]>on hegiiH. Win n hotli keys 
are de]»res.sed, tin* wlmle < ir< nit i." hit'kcn, so that wlnn both 
sender and receiver have tln h hamls on their re*ij»eetive keys 
no meshage can he sent. Oin* might fancy that confit^ion 
W’oiild aiiK* lioin croM nn-ss,io, s, hut dcik-; ^oon get over tliis 
inciniveuicuce, aud tomiuuiiicate hack and forwaixl with 
perfect fai ility. There ir> u eodt- ot woiking ^ignaU to indieato 
the kind of me'^'-age, ‘ rej*eai,‘ * understand,’ eSce., l»c.sides 
numerous ivcognise<l contra* ti.-ns, T*> aiTe>l the atteiiiroii of 
attendants, the current i.s Si>melime.> maili* to ring an alarum 
bell. 

I4fi. The i.inr.— Telegrajdiic .stations mud be united by one 
insulated wiiv, either ourned over land or under the sea. 
llic insulation of land-lines is insured by attaching the wires 
to insulators fixed on jK>sts some :20 feet high. The posts are 
placed at distances coiTcsponding to the number of wires they 
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have to carry* A dii^taiu'C of 80 yanl-^ w the onlinary dishvnea 
for jxista iius!taininj» .m vituI ;uul ir»t> yanKs for th(>i»e 

only supportinj^ one, ln>aLitors are i»f all shapt*?*. Porcelain, 
though a Ix'tter rv«ii‘luct<»r than glas<i, is iu*t so apt to attnu't 
iriowtiin*, and is tljr sul'>tan«e u'etn ially ( luployed for them. 
Tlie in«uhitv i knfo\n as Aialn wV 
and us«*d 1»\ tho rnitod < 'o»..j* ,iiv, 

xvhich is in hriti.-n Ijj I'M. i- ‘ u 1 

to Im‘ vciT tual. A It * t n‘'M, 1, ii\»*d 
to tin- Cl. 'sd».Mni. ii\ of .• t« !n.‘ p* le, 

is c^'inented into t!ir ih-'int.* cnp <'r ht-ll <'*•, ^ 

vtliich ill turn is .■« int.. th. 

h'dl j'fK 'r!:** ]- -•.lain l*tll a>ts us an 
unduvlla to p tlie wood t» nlii-h it is 
fi\td diT and in^'iliding; that l.iih.u% the 
inside of tie* two < up. i^ lik*d\ to lemam 
tlry and inaintaiii insul.iti'-n. ''I'ho line-\vir<' is kept fixetl hy 
l'in<lin^\vire iritt) th.- o. '1‘he ehatiieilv lias tluis to 

travel over tin- .mtsi h ai d iiisi.le of )»<.ih eiips lu fore it reaelu's 
the iron holt,v]iirh i a!s...oaifd with eh.niie. Suih insulators 
as Ih'* oiie d« i lannot ho used in riihvay tunnels, as 

liny y t coat' d >>\> i iiisid- and out with engine .sniol.e, which, 
h'*ing roudij/ ii!,.% .pa te mijciiis tle-ir < ‘hi iencv. 7’he leakage 
in a loii:: li!i< , n<.t\s!ll:-t o dm.' the ht -I Uisuhitiuin is eonsidiT- 
ahle. d h * loss at ( . h jto-t IS in- jgni tieant , hut wluui 
hundp'ils ur th' U ■ are t ik'-n ijit > rua tuint it he('oin<’8 

d«- hit d, so that lie o ;v a ti e iJoii ot lie- t. .tal cniTent that nets 
out je.i'les th.* at tie- di-t.t!jt 'tation. In rainx.fuul 

more < spt- iallv in n.iav tie- insjilat ion mil'ers iniudi. 

The wirtf iiio'^t emj.ha.-d i ,r Ian 1 lim-^ is N(j. .*s gah-aniacl 
iriui wire. Tlie F.Ii< ln« Teh jia]>h ('onii>anv are beginning, to 
u>i* No, 4 w ile on seine « f lln ii long trunk lines. 

let). A Siffoiioriftt' l.tto is mad- h\ a «ahle. d'lie core of 1 lie 
cable roiisUs*,.. i/f Ole- wjii-, <>r a .strand f»f seveial W'iies of 
c.-pjKT, fis pure a.s C4in he gi4 in the market. One .^did wire is 
prvfenihle to a htrand <-t the sain- diameter in pi/iut of « ou- 
tiucting jx»wer ; hut a j^tnind is surer; lor wlnui om- wir.; i-. 
broken at any J'oint, the others fctill reiiiaiii to conduct tin- 
current ; there is no ‘breach of puiiinuit}.* When the one 



Fiif. 134. 



242 


ELECTBICITT. 


solid wire gets broken, which not unfrequently occurs with- 
out being visible outside, the cable becomes useless. The 
strand of wire is generally laid up in Chatterton’s com- 
pound, consisting of gutta-perclia and resinous substances. 
The interstices between the wires are thus filled up, and 
tliis makes the cable solid throughout. It not unfrequently 
happens, when this precaution is not taken, that water, under 
the great pressure of ocean dej)th8, becomes injected into 
them. The strand thus laid up, is now iniludt-d In one or 
more coatings of gutta-pneha, which acts as the insulating 
protection fur the wire. Chatterton’s c<oii]>ound is genemlly 
put between the layers of guttu-])erc]ia. The W'hole is 
finally incliuh'd in a sheatbing of iron wire, laid on spirally, 
to give the cable sullicient strength to withstand the strain of 
jMiying out, or tliat to which it may be Knhjcctcd by the 
inequalities of the. ocean bed. TM-tween the iron sheathing ami 
the guttaqMTcha, a layer <»f tarrtMl yarn i.- jmt, ^\hlch acts ns a 
padding between the two, and improve- the insulation of the 
cable. Not unfrequently the 
iron wire of tin* sheathing is 
al-o jtrotccteil from eorrosiori 
by taiT'Ml heiiije Fig. 135 (^full 
sj/.e sbew^ the eon.-truction of 
ihr Malta and Alexandria cable. 
Tile dilh rent layers are so far 
peelt'd olf to slu w the con- 
struction, C is a strand of 
M-ven rop]>tT wiles, laid ill 
Cdiatterton’s comjHHind ; <1, thivr hi\ors <»f gnita-iu rcha, with 
(diatterton’s conqumnd betwem ea. h ; II, Uinvd yarn ; and I, 
the eighteen wires constituting the sheathing. The diameter 
out in the sea is 0 n 5 of an im h. Niar the .-iiore, the slieath- 
ing is made mucli stivnger, to m**et the danger of accident 
from the dnigging of anchors, euirt-nts, Ac. For the stime 
reason, Ciibles fur shallow water are made thick and strong. 

Considemble disjniie has arisen tu- to the Wst material for 
insulating luaiine cables. India-rubber and gutta-peivlia are 
the two rival substances. It may Ikj saiil in favour of gutta- 
percha tlwt not one yard of it, when laid, has decayed, and 
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that under ocean preasure*, a« proved by the last Atlantic 
cabled, its insulating povrer decidctily ituproves. In favour of 
niaFlicated india-nibWr, it is urged that cables, alike iu 
other resjx'clft, will, when coated with it insteati of gutta* 
percha, Ihj ca}Mble of Pending twi-’c the nninbor of wonls per 
minute, llie Hjteoitic in<lucti\e cat*a. ^ b*ong so much greater 
for the latt<r than fur ilio f-inoi <*. On the other 

luind, india-niblMT is not so in p *int ut durability, 

pouie Pj>c» iiiu ns <»f it liavii.g I * ' «>uic uvai iy after iminersion 
lor »oiu*' time in the sea. 

151. The Tw<» ujii *' ar* not noe<*.«siry to connect 

two lelegnipliu st.itu ii'j, a-- nil hr he Mippnseil. One wire is 
quite sullic lent, )>i> ^ idrd iis tel inmai ions In* foriin*tl hy large 
plates sunk in the ground, or S'»nieihing equnalent. The 
plates are general !\ of < n|qM‘r, ami .‘vli-'uld m-t olfer a Rurfuce 
less than twenty square teet, and tin y mu.^t Im buried so deep 
that the earth al'oul them ne\er g ts tlry. The g.is and water 
jiipes in a town inaki- an e.\(t llenl S-ailh* ,'eurtli connection). 
The gmit in an ‘♦.irih' is to pat the whoh‘ ground in 

the neighbourhood in connMtn>u wiln the baltery pole, or lino 
wire, and much tin stiin* j»iecautioiH mu-t l»e taken in making 
an earth for a leltgiujdi as fur a light ningu'omluelor 55). Jf 
the earth is not -jimhI, liu- < un. nt, inst»-. 1 of taking llie ground 
as u passage to the di-t.iiit .-Utiou, llln'^ into other wires con- 
iieeted with tlie plat*- .Old h iding to wln-re the ‘earth' is go»s|, 
Wln-n the ‘eailhs* uie Oood, the eui'K Jit p.ixsen tiiroiigh the 
eailh between tin- t w .. .-^tolion-, no iiiaUei what be the nature 
of the <ountrv ii has )»Liiu t.i mountain, se.t or land. 

The earth resi^taie e to iIh^ euircnt, e.unpai'ed with that of a 
long line, next to iioihinir. Tim earth not only serves the 
pur}»o.se of a hecoini wir*-, but ol one so tliiek that it.s res is lance 
may V* left out of a' •' »unt, and thus lialv('.s the resiptaiice of 
the wholt; circuit. It i>> a quf.^tion wdiether the current 
actually travels betwei-n the two stations, or wlndher an equal 
amount of opposite electrii ity becomes simultaneously lost at 
each. Thid question cannot be deeidwl, as the electric comli- 
tioud in either Ciwe are identical. In conducting power for 
equal dimensions, the earth ptaiids much inJerior to the wire, 
but then ild thickness, so to speak, is indefinitely greater, and 
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hence its superior conducting power on the whole. One gof^l 
‘ earth * serves for all the circuits of a telegraphic station. 

152. Return Current — Inductive ErnharrccssmenL — When tin*, 
line-wire at a distant station is ‘ cut * (insulated or disconnected 
with the ground), and is placed in connection with one of the 
poles of a battery, the other pole of which is to earth, at the 
instant in which tlie connection is made, a current ilows into 
the wire, and if the insulation of the line Ilk* perfect, alIno^t 
instantly ceases. The needle of the galvanometer makes a sudden 
deflection, and then retunis to its ]* 0 ‘»ition of rest. If now, at 
one turn of a coinniutut(»r, the battery c(mnecti(*n be cut off, 
and the line be jait to earth, the nee<lle deflects moinentanly 
in the ojjposite way, an<l tla^ charge given to the wii'e rtdunis 
and goes to earth. This llowing back again of the ehaige in 
called the return curnnt. In land-lines the return current is 
very slight, in submarine cables it is very marked. Tlie 
return cuiTent slu'ws that a telegraphic line m:»y be » hargeil 
statically, just like tlie inMilated bulb, e\ liudeiv. <Ji:c., illustrating 
frictional electricity. A line of tehyra])li may be looked upon 
as a Leyden jar, tlie \\ ire a*- the inner mating, tin* air or gutta- 
percha us the glass or dielei trie, ami tlu' earth or sea as tlie 
outer coating. A c(»il of snbmaiine eubli>, immersed in a 
trtmgh of water when the eon* is insulated, may be charged 
and dischaiged exactly as a Leyden jar, the water being tin; 
tmler coating. Tin- ret uni current is most marked in Imig 
lines. In such it is not necessary t-* ‘<’Ut' the wire, tlie 
gn^at resistance of the long wiie being t‘«iuiviiJent to ]»artial 
insulation ; the return current being, however, much smullcr 
in extent. 

The statical charge, i)f which a line of ielegra]»h is thus 
rrtjw\ble, shews that the eleitiic ioree not onlv tends to propa- 
gate itself loiigituilimillN, but latenilly (:bi, (i3i. The etiect of 
lateral induction is to ivianl the time of delivery of a signal, 
and to juxdoiig it, s«) that nltlumgh it is a inomenUiiy signal at 
starting, it becomes a j»n>h*nged -ignal at its destination. 
Wheatstone’s calculation gives a velocity of 2H.S<KX> miles 
|K‘r siHximl for tdectric dWhurge. If signals were propa- 
gatiHl at this nde, the time elapsing Wween the sending and 
delivering of a current, even on a line extending over one Indf 
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the cin*umft*re«ce of the 'wouhi l»e inappreciable. But 

in aerial line*? of lanti telejzruphs, even only a few hutulrcxl miles 
in len^b, there is evnleiice that elfetrieitv dot*vS not propagate 
itself at anything like tliat sjm ed, ainl in submarine cables the 
veloi'ity 8«.'ireely uaehes thoiisiiinK inil«*s per second. The 
mere sbovint^' nf the nie-^ov''' c miM n-^f matter ho much, 
provided the wlnai th» \ re.e ? *<1 their destination, 

wvr»' told out U" they were ; i Ihu lie \ aie not. h^ch 
Fii^n.d at lh«- n l eivin^ station t.ikes a lono«*r turn* to leave the 
line than it did to enter u. Ib Tiee, in a ver\ 1 un; land-line, 
or in a e.d)lt‘, if tie* f*udt r tran- ioiit«‘d at the Haino rate a# he 
does in shoit ein th*- >i'.:iiaU \\«.ald run into each other at 
tin* reeei\nno si.it in. and U* iindi.-^tini^niisliahle- Tinn* must 
lk,‘ pveii to earli sipial to oo/e out of the euhle Wfore 

an<»ther i.** Niit. The elfecta (.f lateral induction on the 
tiansini‘<sion (d te)r„Taplii'‘ airreiila c«uisiituh what is tenned 
tmiuefivr (inharra'^-ttnn )it. 

Acconlin^ to Sir Willi. un Tliom-on, iht* maximum fl|>eed 
attainahle on lui a*’nal linddine of i>‘H)0 nautical* miles in 
len^'lh, und con>i-tiM'^ ol an inui win* one-lourth of an inch 
in diametiT, would he -JO words per minute. The same 
uutliority has e.'.tahlide-d that the T' tardntitm iurretw’^ inth 
the stphtTr of tlii h lodh uf the iito'. cordin^dy, on a line 
lisH» miles in h*!i;^<tl^ tlie numlMT of w-cds would he hO ; on 
one o( HI miles, and so on. J>iie< t lines are not worked 

for di.-^tan< ert ^Teat* i than 1(MH> miles, and very wldoin even 
for the half of that di-t.ince. The ma.Minuiii speeil of tifle- 
p’aphino v*u Hh<iit < ircuiis h.n» hi-eii r>u wonls ; so that on a line 
lOiHi iiiile.s in len^'^lh and one-f./urth of an inch tliick, there 
is still a wide margin In lore tlie lateral indin tion would inter- 
fere. Most land-lines, however, are not more than oue-id^diih 
of an inch thick, and in ihe^a the emharriwsnient would he 
felt nearly four liine.s as miuh us in the line just mentioueil. 
On a line llKMi miles in extent ol No. H wire, it would In* 
udvWble to break the dicuit half way, and resend at the 
mitl-slation by translation. The whole would thus be worktsl 
as iw'o circuits of 5<)() miles, and the sjH'ed of signalling could 
l>e four times increasi*<l. The maximum sjwed of signal- 
ling through the 2000 nuJes of the Atlantic telegraph of 1858 
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was two and a half words a minute. The copper core had a 
conducting power somewhat higher than a No. 4 iron wire. 
According to the law of squares, if the cable had been 100(> 
miles, the rate of signalling might have been increased to 10 
words ; if 600 miles, 40 words ; and so on. If the ratio of the 
thickness of the core to tliat of the insulating coating be kept 
the same, the number of words that can be sent varies as 
the amount of material employed, or as the square of the 
diameter of the cable. Thus, if a cable be of the same make 
and of equal length as anothcT, but twice as thick, four times 
as many words may be sent by it. The thickening of the core 
alone is not all gain in the way of lessening embarrassment, 
for while the conducting j>ower of the core increases with its 
section, the lateral induction increases with its circumference. 

Numerous explanations have b<*en given of inductive 
embarrassment. We may 8npi>ose the charge at starting to 
have two inductive channels to reach the ground, one through 
the core to the further end of the cnhle, and the other tlirongh 
the gutta-percha. Kloctricity, when it has two channels, acts 
tlmmgh each in the proportion of the facility offered it (114, 
63). If the gutta-percha were thick and the core shorty the 
facility offered by the latter would be iudelinitely greater 
than that offered by the former. There would be then 
no lateral induction, fur the electricity would keep to the 
core. But when, as in long cables, it luus some hundreds of 
miles of core and a (]uarter of an inch of gutm-percha to work 
tlirough, the rival channels staml more nearly on a ]>ar. 
At each point the jmil of the ilectritaty sent into the cable 
acts inductively tln»ugh the gutta-percha, and the rt*st acts in 
the line of the con*. This l;ist is subject to this diversion as 
it moves along ; hence, if the cable be long, the whole is for 
the instant al>»orhi‘d in charging the cable statically, and 
possibly only a j»art at a time. Such Wing the case, the 
further progn*ss of discharge is ethrted not immediately by 
the force of the tninsinitting Kitterv, but by the jKjlarity 
iiiiUiced by it in the particles of the dielectric gutta-percha. Tlie 
effect is somewhat the same as would be experienced in send- 
ing a charge of water through a pipe fill^ with the same, 
whose sides, though water-tight, were elastic. If the pipe be 
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long and narrow, and the friction of the water against the sides 
consequently great, on the charge being injected, the pipe on the 
sending side yiehis, and the further tnuisniission of the charge 
is effected by the elastic forw of the sides. The charge 
travels as a wave to the other einl, and its deliveiy is thereby 
retarded and nuMlilied. This iiip..r.irv yielding resembles 
the inductive divei'sion of the charge to tlie gutta-prcho. 

In aerial lines the hitend channel, lie ait, which is some 
tw»*nty feet the.k U^tween the wire and the ground, offers 
much h*sH facility for inductive lutioii than in gutta-percha 
t^ables. The lateral iiitluction coii.MM|uently very much less. 
In insulated su})tt‘rr.im*an lines it is netirly as much os in 
Hubmarine cahlt^s. 'I'hoy are consefjuently never used except 
for short disLuices, where they an* uiiavoidahle. 

Tliere is tw yet im way of obviating lateral induction in 
tt'lfgraphic cjihle^, (*\ceiJt a thick core and a thick layer of 
insulating material. This is ttintamount to saying there is no 
curii at all ; for in very long lines, where it is most felt, a 
thick cuihle cannot, fn*m iiie< Imnical difficulties, he laid. 
There an* several wa\ however, of diminishing it. A material, 
such OR india-ruhlMT, wIiom* spe« itic inductive capacity is low, 
lesseii.s the evil ( (U»-i<ler.ihly. 'Die tarred hemp used in cables 
also reduces the lateral induet mn. Sum have 8iiggest<sl tho 
use of a double wire in tin* i.d'le, the xonuul wire sujiplying 
the jdace of tlie eaith. rhi** lias, however, been found to 
aggravate iri'-tead of !• -s<‘U the ovil. The ii-.e i>f electricity of 
high tension, such a.*' that <»f indu' tion coils, has also been 
tried. 'Fhat such pa-'weji witli greater do'^jiatch may he o|s*ii 
to doubt, and that it is dangerous in causing the charge to 
puncture the gutLi-perclia, and thereby destroy the cable, is 
highly probable. A traiisnutting key is uhwI in working tho 
Atlantic cable, which ha? a doulde action. It first places the cabl*.* 
in connection with one of the poles of the battery, and then 
with the ground. The first amnection charges the cable, tho 
MHvmd allows discharge to take place at bc*th ends of it. See 
al‘*<) Appendix, ‘Atlantic Ttlegniph.* 

The insulation of submarine cables is almost p<;rfect, so 
tliat inductive enibarrassiiieut must not be confounded with 
leakage. The gutta-percha, though a conductor acting 
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excessively slowly, leads away, in the time that one si^al 
lasts, next to nothing of the charge. Its action is inductivr, 
not conductive (3f), 33). 

153. Earth Currents . — Tliose arc very unwelcome 'visitors in 
telegraphic offices. Tlicy get into the circuit no one knows 
how. They flow somctime.s in one direction, sometimes in 
another, change mpidly, un<l arc fiv^picntly so strong as to 
render the line for the time quite useless. They 8c«*m to 
he forme<l os often in tlie wine as in the earth. They 
occur siinultaneously witli magnetic st»)rms (2(tl The famoiH 
magnetic storm that raged on August 2, 1^05, at tlic same 
time that the Atlantic cable ceased t<» act, was accompanied 
by earth currents so strong that the ii>tronumer- royal con- 
siilered it iinpossilile, even if thr cabh* had been jnrfect, t<» 
liave signalled through it. The only nmuMly for earth 
currents is to «lo away with the earth circuit, and put two 
wdi'es to the mime place in (me circuit. Although the earth 
current nms e({ually strong in both, th(‘ two wire.s biing it 
to oj>posite ends of the instrunnuitH at tin stations, and its 
effect i.s then^by neutralised. This, of ctmr.se, can only In* 
done W'here two win*s exist. Little or nothing is as yet know'U 
of the laws regulating such currt nts. 

154. llelay {ilav. Urhf rtrayer). — Hitherto W(‘ liavc* supposed 
that the recording instrument of Morsf \V(»rlved directly by 
the line current. This is only tlone on short cin uit-s genemlly 
less than 5(t mih‘s. On long < iiruits, dinrt working could only 
he accomplished by an mmrmous seinliiig battery. The h»s.s by 
leakage on tin* way is very ctm^nleraltle, so that a ciunnit 
strong nt st4irting lost‘s greatly beftire it reaches the stiitioii 
intended ; be.sides, the leakaoe betonies all the greater the 
greater the uumWr of cells emplov isl, vu- the greater the tension 
of the battery. It is found u much U tter arningemeut to get 
the * Morw;’ >vorktsl by a hwal current, wliieh may )>e made 
as strong os ix^juisiie without any loss, and to include a veiy 
delicate instrument iu the line circuit, which has only to 
make or break the IikoI circuit Such an instrument is 
callei) a relay, the principle of the action of wdiich is shewn in 
fig. 13G. Inst^^ad of the electro-magnet of the register being 
in the line circuit, the electro-magnet, £, of the r^lay is 
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included. The coil is and of thin wire, and a very faint 
cumut 19 putlicient to develop niagnelism in llie core. The 
line cum'ut ]ja-se> 
tlnvuigh the coils of 
E just as it in rejnv- 
seiited <loing thiou;.,'!! 
that of the Moi'se in 
tig. 131. The ai mature 
of the relay. A, is 
attaihed to a h-v« r, 
cc', moving roun<l the 
a’cis <1. When a mr- 
rent iM h(*nt thiMugli the 
coil, the level -IraNx ii 
down, and llu* end e' 
on tin* sciew S. 

Wlien llieie i> no ( nrrent, the elasticity of the s})ring s brings 
it h.uk again.^t tl»e mi lew .n’. The sjuiiig, s, is ko adjusted that 
the }»lay of <t' inav he made as ea>»v or still as the strength of 
tin* line curnni ie<juires. Tin* pillars N ami 1* are connected 
with the j»oles ot tin local battery. Tlie metal Hjuing s placcrt 
the lever ft/ in « undui iin._r conned inn \\ ith V, 'Fhe jjoles of the 
battery may tlierel'oie be t.iken to be tin crew S, ami the end 
of the lever. When th» '^e arc m » »>ntact, t In* IfK ul current 
tloWM, ami it stop-i >\hen # 1 m bnmgiit bat.k against the insu- 
lated sen-w S'. d'he .Moim* imludefi m the Jncal circuit. 
When a curh'iit conus fr*»in tin- sending statnm, the annature, 
A, is altiaeled, i lalU f»n S, the loeal circuit is cloned, uml 
the Morse begins to juiiit. When tin* current C(*a.st-M, e' fulls 
on S', ami the style «d the Morse is witlnlraM'ii from the 
pajH-r. The effect is ilms the same its if the linecurnnt 
printed, ami not the l<*c,d curnMit. Hy this mf*ans, a ruiTcni 
that Would lui\e no effeet ou the Morse, can complete the 
local circuit, and print most legildy. 

155. liuic i^vrral Stations art cfmne^trd in one Circuit . — 
This is fclfei;U*fi in three ways- by an open circuit (tier. Arl^eiU 
stromS by a chised circuit 'Ger. Huiyistrma)^ and by translation. 
In all of these, each Btation may telegraph simultaneously to 
all the stations in the circuit, and if the message concerns them 
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all, a record may be printed at each station. When a station 
wishes to telegraph to another, it keeps signalling the name 
till the station in question signals back that he is ready. The 
others, finding that the message does not concern them, leave 
the two concerned in possession of the circuit. 

The arrangement of an intermediate station in an open 
circuit is shewn in fig. 1 37. and Lg are the wires from 

the terminal stations ; B is the 
relay; the rest mean the same 
as in fig. 133. The station is 
represented as receiving. The 
line current passes through the 
key, the relay B, and goes on to 
Lg. The relay sets the local 
battery and the register in 
Fig. 137 . operation. The line current is 

brought into the station, and led 
out without being affected. Electrically, it is the same as if 
it had gone on in the air direct from to Lj. When the 
station sends, the key is depressed. The current goes from C 
into the line L^, is earthed at the one terminal station, leaves 
the earth at the other, and returns to Z by Lg. The battery 
here has no ‘ earth,* as at the terminal stations, the arrange- 
ment of which is as in fig. 133. An ‘earth,* however, is 
generally put at each station, so that it may be worked as a 
terminal station if required. B at sending is out of circuit. 
According to this plan, every station' must have a battery as 
strong as the terminal stations. In the closed circuit, no 
battery is needed at the intermediate station. If the battery 
and its connections be removed, fig. 137 gives the arrangement 
in a closed circuit. The battery may be placed only at one 
terminal station, or it may be divided into two, and a half put 
at each end — ^both, however, being joined up to act with, not 
against each other. The circuit is closed when no one operates, 
so that a current constantly flows. The keys breaking the 
connections stop it for the time. The relays act negatively, 
n>fl.king the Morse print when there is no line current, and be 
at rest when it flows. If S' in the relay (fig. 136) were unin- 
sulated, and S insulated, it would act in a closed circuit The 
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advantage of the closed circuit is, that the batteries which 
require considerable attention are confined to the terminal 
stations, where they can be best cared for. Besides, little or no 
adjustment is needed for the relays. In the closed circuit, all 
the relays are in circuit at once. Open and closed circuits are 
used in lines where a number of smaller towns are joined 
together, the business of all of them being no more than 
sufficient to keep the line working. They are for short 
distances, seldom more than 200 or 300 miles. 

When two stations, say 500 miles apart, are to be connected 
by telegraph, it is seldom done by a direct line, it bein^ 
found more efficient to transmit to a half-way station, and thence 
to retransmit to the end one. The retransmission is effected 
not by manipulative skill, but by mechanical contrivance, 
so that, while the half-way station may read the message sent, 
no time is lost in the transmission, and the two end stations 
and the intermediate station communicate with each other as 
readily as if they were in an open or closed circuit. This 
mechanical retransmission is called translation. It is effected 
by making the lever of the register act as a relay in trans- 
mitting a message to the next station. The system, to be fully 
explained, would require more detail than we can here 
give to it. We shall only shew how translation can be effected, 
leaving out of account how 
all the stations can communi- 
cate as in one circuit. We 
also suppose, for the sake of 
simplicity, that no relay is 
needed, and that we are deal- 
ing with a direct working 
register. The current, (fig. 

138), from the sending station 
enters the coil of the register 
M, and goes thence to earth 
P, and returns as shewn by arrow Cj. The register may 
record or not, according to the message, but its doing so 
or not in no way interferes with translation. The copper 
pole, C, of the battery is connected with the lever IV of 
the register, and the zinc pole is to earth. When the lever 
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is drawn down by the current, C^, it strikes against the point 
at the top of the pillar p, that checks its motion. The pillar 
•p is joined to line Lg, running to the further station, and 
when the lever falls, a second circuit — namely, that of the 
battery — ^is closed, in which C, the lever, the pillar, Lg, the 
further station, the earth, P, and Z are all included. Thus, as 
U prints at the intermediate station, it at the same time sends 
a new printing current to the next. When it ceases to print, 
so does the register at the distant statiom It is in this way 
that parliamentary news is transmitted simultaneously to all 
the imj)ortant towns lying between London and Aberdeen. 
At the shore ends of submarine cables there is always a 
translating apparatus. This allows tht‘ cable to be worked by 

a battery suited to it, 
without loss of time in 
making it a special 
circuit. 

156. Coohe and 
TVJieatstonds Needle 
Telegraph . — This con- 
sists of an upright 
galvanometer (88), with 
the astatic needles 
loaded at the lower 
end to keep them, when 
not acted on, in a verti- 
cal position. A front 
view of the single 
needle instrument is 
given in fig. 139, and a 
back or interior view 
in fig. 140. One needle 
moves within the coil 
00, and the other on 
the face of the dial. It 
is the dial needle which 
acts as the indicator. The alphabetical code is made up by 
combinations of the right and left deflections of the needle. 
The old alphabet is given in fig. 139. A is made by twc left 
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deflections, M by one right ; D by one right, then one left ; R 
by one left, then one right ; G by two right, and one left ; and 
so on. The short arm indicates which beat is made first, and 
the long that made second. The Electric and United Eongdom 
companies now adopt an alphabet corresponding to Morse’s 
code, a right-hand deflection corresponding to a dash, and a 
left-hand deflection to a dot. The instrument is so arranged, 
that when the handle, H, stands erect, the whole is in the 
receiving state. When the handle turns to the right or left, 
the instrument sends, and the needle deflects accordingly to the 
left or right at both the sending and receiving stations. The 
instrument (fig. 140) 


has four connections: 
L, the line wire; E, 
the earth wire ; C, the 
copper pole of the 
sending battery; and 
Z, the zinc pole. It 
is represented in the 
receiving position. 
The current takes the 
course L, a, the coil 
T, the spring cf?, the 
metal points in the 
pinp, the metal spring 
e/, thence by g to 
earth. The handle 
in front works the 
cylinder PIN, which 
turns on the axis n. 
It is divided into 
three parts : those 
marked P and N are 



covered with copper, 
and are insulated 


Fig. 140. 


from each other by the intermediate part, I, which is of ivory. 
By the spring st, which presses against it, P becomes the 4* 
pole of the battery, and by the spring mi, through the axis 
N becomes the — pole. A metal tooth, h, is fixed to P, and 
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another, to N. These stand vertical, and are out of circuit 
when the instrument is in the receiving position. When a 
zinc (reverse, or negative) current is put to line, the handle, H, 
is so turned that h presses against the spring dc, and removes 
it from the point at rf, thus breaking the receiving circuit. At 
the same time that h presses on dc, h presses on or. The 
reverse current takes the following course : Z, i, w, N, c, coil, 
a, L, distant station, earth, E, g, r, o, k, P, s, t, C. When the 
handle is turned the opposite way, h presses against «/, and 
k against another spring similar to or, on the other side of P, 
which is not shewn in the figure, and which is connected with 
the strip of metal c, and thereby with 00, and the copper (or 
positive) current is put to line. The cylinder PN acta as a 
commutator, sending a copper or zinc current, according to 
the side towards which it is turned. Sometimes two needles 
are placed in the same box, each having a separate line- 
wire to work it. The telegraphing can be much more 
expeditiously done with two needles than with one, as two 
deflections can be made at once, one on each instrument. The 
rate of signalling with a double needle is rather above what 
can be done by a Morse. Seeing that two wires are necessary 
for a double needle instmment, and that only one is ‘necessary 
for a Morse, it is a much more expensive instrument. Single 
needle lines are much used for working railways, and for 
circuits with little traffic, but not for main telegraphic lines. 
The needle instrument is delicate enough to be worked direct 
without a relay, Theidial of these instruments is movable, so 
that when earth currents deflect the needle to a position from 
the vertical, it is turned so as to keep the stopping pins equally 
distant from the needle. When several stations are joined on 
the needle system, the open circuit arrangement is emplojed. 

157. Chronology of the Electric Telegraph , — Ampere suggested 
as early as the year 1820 the employment of a galvanometer, 
lines of wire, and a battery as a means of telegraphing. The 
first occasion on which this suggestion was carried out and put 
to practical use was in the year 1833, when Gauss and Weber 
at Gottingen, with a view to aid their magnetic observations, 
united the Observatory and Physical Cabinet, distant about 
a mile, by two wires suspended in air. The indicator was a 
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reflecting galvanometer, an instrument similar to that shewn in 
fig. 20, with the suspended magnet in the centre of a coil of 
wire forming part of the circuit. Their alphabet was made up 
of combinations of right and lelt deflections. This apparatus, 
the first ever employed for practical telegraphy, has lately, in 
the hands of Sir William Thomson, become the most sensitive 
of all telegraphic instruments. His reflecting galvanometer is 
the oxily instrument at present by wliich a cable, 2000 miles 
in length, may be worked with low tension (2 or 3 Daniell’s 
cells). It consists of a magnetic needle, not more than a grain 
in weight, suspended by a thread without torsion within a 
sensitive galvanometer coil. A tiny mirror is attached to the 
magnet, by which a beam of liglit directed against it is reflected 
upon a scale at some distance. When no current passes, the 
reflected ray lights up the zero-point of the scale. When a 
current is sent, it travels to the right or left according 
to the message. If earth currents turn the reflected ray 
away from the zero-point, it is easily brought back by 
shifting the strong magnet placed outside the coil, in- 
tended to make the needle quickly settle. Gauss and 
Weber’s telegraph was merely looked on as a scien- 
tific curiosity. It w^as not till the year 1837 that the electric 
telegraph promised to become a matter of general and practical 
importance. In that year three systenis of telegraphy of inde- 
pendent origin were tried, and so nearly at the same time, 
that all three lay claim to priority. In June of that year, 
Cooke and Wheatstone patented a five-needle telegraph, and 
the patent was put in action on the Great Western Rail- 
way soon afterwards. Tliese inventors have undoubtedly the 
credit of being the first to construct a line of telegraph for 
general purposes. Their lines consisted of underground insul- 
ated wires. Cooke derived his first ideas from a lecture he 
heard at Heidelberg given by Professor Munke, in which Baron 
von Schilling’s horizontal needle telegraph was described, 
said to have been constructed as early as 1832 or 1833. In 
July of 1837, Steiuheil, at Munich, stretched telegraphic 
wires over the houses of the town from the Physical 
Cabinet of the Academy to the Observatory of Bogenhausen, 
about three miles off. He telegraphed in three ways; by 



256 


ELECTKICITY. 


the deflections of a needle, by the sounding of two bells 
of different tones, and by printing a strip of paper. In 
October of 1837, Professor Morse exhibited his system on a 
line of half a mile in extent. Morse’s system is at present 
more used, than any other. Steinheil’s printing system is 
also extensively employed, more especially on the continent. 
Steinheil’s system of printing is different from Morse’s ; + 
and — currents print each a different mark. In Morse’s 
system either current prints indifferently. Steinlieil’s alphabet 
consists of dots to the right and left of the strip of paper. 
It is thought that the telegraphing by right and left dots 
can be done more quickly than dots and dashes in a line. In 
1838, Steinheil discovered the efficacy of the earth circuit and 
the need of only one wire. To Steinheil is also due the merit 
of being the first to stretch wires in air on insulating supports, 
and to shew tlie applicability of magneto-electricity to tele- 
graphic purposes. Cooke and Wheatstone patented the first 
step by step telegraph in 1840. This invention was worked 
by voltaic or magneto electricity. In 1846, Bain patented his 
electro-chemical telegraph. In this instrument a piece of 
paper, moistened with an acididated solution of ferrocyanide 
of potassium, is laid on a revolving plate of metal under a 
steel point pressing gently on it. As the current passes 
through the paper from the point to tlie plate it marks it 
with blue dots or dashes, as in Morse’s system. No relay is 
needed. This system, to all appearance one of the most 
simple and delicate, has never come into permanent use. 
Morse’s telegraph did not come into practical use till 1844, 
when it was used on the fust American line between Wash- 
ington and Baltimore. The first successful submarine cable 
was laid between Dover and Calais in 1851. Faraday first 
announced the effects of lateral induction in 1854.’ The 
telegraph was completed by the Persian Gulf to India in 1865. 
Four attempts have been made to establish telegraphic com- 
munication with America; the fimt in 1857, the second in 
1858, the third in 1865, and the fourth in 1866. In the first 
and third, the cable snapped ; and in the second, it was laid, 
but became useless in a few weeks. On the 27th of July 
1866, Europe was telegraphically joined to America by a cable 
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successfully laid between Valentia, on the coast of Ireland, and 
Newfoundland. The cable of 1865 was picked up, spliced, and 
completed, September 1 — 8, 1866. See Appendix. Telegraphs 
printing in Roman type have been tried, and are now gaming 
ground. Hughes’s and Diijardin’s are of this kind. Their 
action is at present not much superior to a simple Morse. 


The Telephone. 

158. This is an instrument for telegraphing notes of the 
same pitch. Any noise producing a single vibration of the 
air, when repeated regularly a certain number of times in the 
second (not less than thiiiy-t’wo), produces, as is well known, 
a musical sound. In art. 115 we found that when a rod 
of iron was placed in a coil of insulated wire, and magnetised 
by a current being sent through the coil, it gave out a distinct 
tick when it was demagnetised by the stoppage of the current. 
A person when singing any note causes the air to vibrate so 
many times per second, the number varying with the pitch of 
the note he sings, the higher the note tin; greater being the 
number of vibrations. If we then, ])y any means, can get 
these vibrations to break a close circuit in which the coil just 
mentioned is included, the note sung at one station can he 
reproduced, at least so far as pitch is concerned, at another. 
Reis’s Telephone (invented 1861) accomplishes this in the 
following way. AA (fig. 141) is a hollow wooden box, with two 
round holes in it, one on the top, tlie Other in front. The hole 
at the top is closed by a jnece of bladder, S, tightly stretched 
on a circular frame ; a iiioiith-piece, M, is attached to the 
front opening. When a }>(*rson sings in at the mouth-piece, 
the whole force of Ids voice is concentrated on the tight 
membrane, which in consequence vibrates with the voice. 
A thin strip of platinum is glued to the membrane, and con- 
nected with the binding screw a, in which a wire fi’om 
the battery, B, is fixed. A tripod, rests on the shin. 
The feet e and / lie in metal cups on the circular frame over 
which the skin is stretched. One of them, /, rests in a cup 
containing mercurjq and is connected with the binding screw h. 
The third foot, consisting of a platinum point, lies on the 
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circular end of the strip of platinum just mentioned. This 
point being placed on the centre of the oscillating membrane, 
acts like a hopper, and hops up and down with it. It is easy 



Fig. 141. 


to understand how, for eveiy vibration of the ineiiibrane, 
the hopper will be thrown up for the instant from connection 
with its support, and how the close circuit is thus broken at 
eveiy vibration. The rciceiving apparatus, R, consists of a coil 
of wire placed in circuit, enclosing an iron wire, both being 
fixed on a sounding box. The connections of the various parts 
of the circuit are easily learned from the figure. Suppose a 
person to sing a note at the mouth-piece which produces 300 
vibrations a seciond, the circuit is broken at the bladder 300 
times, and the iron wire ticking at this rate gives out a 
note of the same pitch. The note is weak, and in quality 
resembles the sound of a toy trumpet. Dr Wright uses a 
receiving apparatus of the following kind. Tlie line current 
is made to pass through the primary coil of a small ,in- 
duction coil. In the secondary circuit he places two sheets 
of paper, silvered on one side, back to back, so as to act as a 
condenser. Each current that comes from the sending 
apparatus produces a current in the secondary circuit, which 
charges and discharges the condenser, each discharge being 
accompanied by a sound like the sharp tap of a small 
hammer. The musical notes are rendered by these electric 
discharges, and are loud enough to be heard in a large halL 
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Wilde's Magneto-Electric Machine. 

Mr H. Wilde of Manchester has lately patented a magneto- 
electric machine, which, with a sufficient expenditure of 
mechanical energy, can be made to furnish any amount of 
current electricity. It accomplishes this with a simplicity 
and economy hitherto unequalled, and it promises thereby to 
extend immensely the practical importance of electric science. 

The machine is founded on a new and somewhat paradoxi- 
cal principle — ^viz., that a current or a magnet indefinitely weak 
can he made to induce a current or a magnet of indefinite 
strength, A general description will best shew how this is 
proved and applied. 

Fig. 142 shews a front elevation of a 7-inch machine, con- 
structed for the Commissioners of Northern Light-houses. It 
consists of two separate machines — a purely magneto-electric 
machine, and a machine which is both electro-magnetic and 
magneto-electric. Both machines are in the main very similar, 
and in many respects identical, the only difference being in 
size and power. The smaller machine, MM', which is purely 
magneto-electric, is seen surmounting the other. The horse- 
shoe permanent magnet, MM', is the foremost of a series of six- 
teen similar magnets, placed the one behind the other in a 
horizontal row. Each weighs 3 Ibs.^ and sustains a weight of 
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20 lbs. Thp sixteen magnets are fixed below to tbe magiut 
cylinder, c, shewn on a 
latter scale in fig. 143. 

This is partly made up 
of cast-iron, partly of 
brass. The two iron 
components, u (tig. 143), 
form the sides of it, and 
the brass bars, hh^ lie 
between them. They 
are bolted firmly to- 
gether by the brass 
bolts, r/. The magnet- 
cylinder is about 12 
inches in length ; in 
the centre of it is accu- 
rately bored a circular 
hole, extending the whole way, inches in diameter. The 
inner side surfaces of the magnets below are accurately fitted 
to the upright plane sides of the magnet-cylinder, and are 
firmly secured to it. By this menus the cast-iron portions of 
the magnet-cylinder, ii, form the polar terminations of the 
magnetic battery, the brass bars, bb, between them, breaking 
the magnetic continuity. 

A cylindrical armature, aa, of cast-iron is made to revolve 
within the magnet-cylinder. Its diameter is ^th of an inch 
less than the diameter of the cylinder, which enables it to 
revolve without friction in very close proximity to the' polar 
surfaces. The manner in which it is centered is, for the sate of 
simplicity, not shewn in the upper machine, but it is shewn 
in the lower machine, where, as is afterwards mentioned, 
the construction, though larger, is perfectly similar. The 
framework for sustaining the axis of the armature is firmly 
bolted at gg. Fig. 143 gives, as just mentioned, an enlarged 
cross section ; fig. 144 shews an enlarged side-view. Two 
rectangular grooves, wl, are made on opposite sides, giving to 
it somewhat the appearance of a rail. About 50 feet of insu- 
lated copper-wire, u'w, is wound lengthwise into these grooves 
in three coils (shewn in section, fig. 143). The coil thus 
formed is shut in by wooden packing, U\ In fig. 144 this 
packing is removed from the two ends to shew the longi- 
tudinal winding of the coil. To prevent the wires from being 
driven out bv the centrifugal force generated in the rapid 
rotation of the armature, straps of sheet-brass encircle the 
armature at regular intervals, and are sunk in grooves 
prepared for them in the cast-iron. Two caps of brass, kk, are 
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fitted to the ends of the armature, and to these are attached the 
, steel journals or axes of rotation, ff. On the 



further axis (the back axis of fig. 142) the 
pulley, m, is fixed, round which passes the 
strap from the steam-engine which works 
the machine. On the other axis (the front 
axis of the figure) two rings are put, one, w, 
insulated from it, and the other, n\ con- 
nected with it. One end of the armature 
coil is in connection with the armature, and 
thereby with the axis and w', the other end, 
is insulated and fixed by a binding-screw 
with n — n and n' are thus the terminals of 
the coQ. They are made of hardened steel, 
and the springs, s and /, which press against 
them are of the same material. 

Starting from the position shewn in fig. 143, 
the armature in one revolution induces two 
opposite currents in the coil, one in the first, 
the other in the second half-revolution (122). 
It will be seen (fig. 144) that the separation 
between n and n' lies obliquely. In this 
way, each spring, s or presses against a 
different ring at each half-revolution. As n 
and n' change their electric sign, it is so 
arranged that they change the spring, s or 
against which they press. Thus s and ^ 
receive their currents always in the same 
direction, consequently the wires, o and o', 
conv^ the current away from the machine in 
a unimrm direction. The armature is made 
to revolve 2500 times per minute, and 5000 
waves or currents of electricity are trans- 
mitted to the wires, o o'. 

Thus far we have nothing essentially 
peculiar in Wilde’s machine. The construc- 
tion of the magnet cylinder is quite noVel, 
though the position of the armature, which 


j, ‘ is decidedly the most advantageous, is not 

{| new, as it was adopted several years ago in 

Siemens and Halske’s magneto-electric 
machine. One advantage of this position 
lies in the motion of the armature not 


being resisted by the air. In the ordinary position of 
the armature (fig. 116), much of the wort applied to 
the rotation is expended in the armature beating the air. 
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There is no such loss in Siemens and Halske’s or Wilders 
machine. Another advantage is derived from the inductive 
action of the ma^et being exerted directly on the coil, as 
well as through 3ie intervention of the armature. If the 
coil were made to rotate without the armature, currents would 
be induced in it of the same kind as that induced by the 
armature, though of feebler intensity, the maximum points 
of which would occur when the coil was moving throu^ the 
line joining the poles, and the minimum points when it was 
at right angles to that position (124 — 3 26). Now these are 
the converse of the maximum ana minimum induction points 
of the armature (123). In the position in which the armature is 
placed in this machine, both armature and coil contribute to 
the current, the one most when the other gives least, and 
vice vend. The same advantage is not secured by the ordinary 
construction. 

We come now to describe the singular peculiarity and 
merit of Wilde’s macliine. The current got from the 
magneto-electric machine is not directly made use of, but is 
employed to generate an electro-magnet some hundreds of times 
more powerful than the magnetic battery originally employed, 
by means of which a corresponding increase of electricity 
may be obtained. This electro-magnet, EE' (fig. 142), forms 
the lower part of the figure, and by far the most Dulky portion 
of the entire machine. It is of the horse-shoe form, E and E', 
forming the two limbs of it. The core of each of these, 
shewn by the dotted lines, is formed by a plate of rolled iron, 
36 inches in height, 26 inches in length, and 1 inch in thick- 
ness. Each is surrounded by a coil of insulated copper wire 
(No. 10) 1650 feet long, wound round lengthwise in seven 
layers. The current has thus, in passing from the insulated 
binding-screw, r, to the similar screw r', to make a circuit of 
3300 feet. Each limb of the electro-magnet is thus a flat reel 
of covered wire wrapped round a sheet of iron, the rounded 
ends alone of which are seen in the figure. The upright iron 
plates are joined above by a bridge, r, built up aJteo of iron- 
plate, and are fixed Iwilow the whole way along with the 
iron bars v, v to the sides of a magnet cylinder of precisely 
the same construction os the one already described. The 
iron framework of the electro-magnet is shewn by the dotted 
lines. The depth of the bridge is the same as the breadth of 
the bars, r', i/, which are of the same size as the bars, v, v. 
The various surfaces of juncture in the framework are 
planed so as to insure perfect metallic contact. The upper 
and lower nmchine are in action precisely alike, only the 
upper magnet is a permanent magnet, and the lower one an 
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electro-magnet. We have the same magnet cylinder, I, I, the 
same armature, A, and springs, SS', and the same poles, ZZ' ; the 
size is, however, different ; the calibre of the magnet cylinder 
is 7 inches. The diameter of the lower armature gives the 
name to the machine — viz., a 7-inch machine. Figs. 143 and 
144 are on the scale of the lower machine (fig. 142). The 
length of wire on the lower armature is 350 feet. It is 
35 inches in length, and is made to rotate 1800 times a 
minute. The cross framework attached at gg to the magnet 
cylinder, in which the front journal,/, of the anuature rotates 
(at Q), is shewn in the lower machine (fig. 142). When 
the machine is in action, both armatures are driven simul- 
taneously by belts from the same countershaft. For the 
electric light, the currents conveyed to tlie springs, S and 
S^, need not be sent in the same direction (140). In that 
case, the separation between n and n' is vertical ; and each 
spring presses against only one ring during the whole 
revolution, receiving and transmitting each revolution two 
opposite currents. Oil for the journal and commutator is 
supplied from the cup C. 

Ine machine here described is intended for a three-horse- 
power steam-engine, but more power might be expended on it. 
A larger engine could drive the smaller armature faster, and 
thereby cause much more energ}^ to be expended, and more 
electricity to be induced in timiing the lower armature than 
■with a power of three horses. The niachiue, when worked 
with a power of three horses, will consume carbon sticks 
three-eij^ths of an inch square, and evolve a light of sur- 
passing brilliancy. With a machine that consumes carbons 
hall’ an inch square, a light of such intensity is got, that when 
put on a lofty building it casts shadows from the flames of 
Bti*eet-lamps a quarter of a mile distant upon the neighbouring 
walls. The same light ut two feet from the rciflector darkened 
ordinary sensitisetl pliotograjrhic juipcr, as much in twenty 
seconds as the direct rays of the sun at noon on a clear day 
in March in one minute. 

Mr Wilde furnishes for the electro-magnet cylinder of many 
of his machines two armatures : one an ‘ intensity armatui’e,* 
similar to that just described ; the other a ‘ quantity arma- 
ture ’ — one of which may be easily substituted for the other. 
The quantity armature, instead of insulated copper-wire, is 
enveloped in folds of insulated copper-plate, or ribbon, which, 
offering little resistance, a current of much greater quantity, 
though of less tension, is given off. It is with the quantity 
armature that experiments in the heating power of the machine 
are best performed. With a 10-inch quantity ai’mature Mr 
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Wilde succeeded in melting an iron rod 16 inches long and J 
inch thick. 

Wilde’s machine enables ns to convert any amount of 
mechanical energy into electricity. By increasing the size 
of the electro-magnet, or by using a second electro-magnet, 
induced by th(3 hist, an unlimited amount of energy can be 
expended, and so converted. The size and weight of the 
apparatus are also small. The ontire machine just described is 
under 5 feet in length and height, is 20 inches wide, and 
weighs a ton and a half. ]Mr Wilde also ^’contemplates making 
a smaller machine, useful for lectures and institutions, to 
be worked with the hand, wliicli vdll form a I’eady and 
convenient substitute for the galvanic baltery in electric 
experiments. 

Mr Wilde attributes the power of his machine to the power 
that an electro-magnet has of ^ accumulating and retaining a 
charge of electricity in a manner analogous to, but not iden- 
tical with, that in which it is retaiiie<l by the Leyden jar.’ The 
polar terminals, for instaiu’-e, of a very large electro-magnet 
can be made to give a briglit s])ark 25 seiionds after all connec- 
tion with the exciting mugiieto-electric machine has been 
broken. 


Constraction of Induction Coils. 

In article 120 the general consii action of the induction 
coil is describ(’,d. As this instrument is every year 
becoming of greater practical utility, a few details in fur- 
ther illustration, and amplification of what is there said 
will not be out of place here. The coil of the secondai’y 
bobbin is exposed to very different tensions throughout its 
length. The luitldle of the wire, when the coil acts 
in the usual way, has no tension, and may be taken as the 
neutral ground between the + and ~ electricities of the 
halyes, the tension on each of which increases as the pole is 
approached. 'I’lie tensions reacli a maximum at the poles. 
The electricities of each half have a tendency to strike into 
each other, or into the primary coil, or other part of the 
bobbin connected with the ground. Even two successive por- 
tions of the same half have the same tendency, for a less -i- 
Btands as a — to a more positive, and a less negative is -f to 
a more — . The object therefore to be aimed at in the 
insulation is to prevent either of the electricities from sparking 
into each other or into the ground. In the ordinary construe- 
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tion the wire is coiled first round the centre of the bobbin all 
the way along, and layer after layer is put in regular succession 
the one above the other, with insulating material between. In 
this way the greatest tensions are in the inside and on the 
outside layers, the poles coming directly from them. In this 
arrangement it is extremely difficult to maintain proper insu- 
lation. The utmost care is needed to keep the electricity of 
the inmost layer of wire from leaping into the primary coil, 
and even when this is fully accomplished, there is a Leyden- 
jar action between' the inmost layer of the secondary and the 
outmost layer of the primary coil which hinders the free 
delivery of the electricity at its pole with which it is charged 
(121). The neutral point of the secondary wire is put nearly 

midway between the inside 
and the outside of the coil, at a 
place where the insulation is 
best, and least needed. We 
p' shall mention two ways of ob- 
viating this defect. 

Fig. 145 is intended to shew 
the construction of the cele- 
brated coil constructed by 
Siemens and Halske, and 
exhibited at the Exhibition 
of 1862. PP is the hollow tube in which the primary coil is 
put. The bobbin is made of ebonite, and the central part 
IS thickest at the ends and thinnest at the middle, being 26 
millimetres at the ends and 12 at the centre. It is 96 
centimetres in length. To this tube are cemented 160 thin 
discs (only a few are given in the figure) of ebonite at equal 
distances, dividing the whole length into compartments. 
Each compartment is filled up with copper wire T4 of 
a millimetre thick, covered with silk and varnished. The 
various compartments communicate with each other, so that 
the whole wire is continuous from end to end. The 
length of the whole is 129,000 metres. The silk and 
varnish on the wire are sufficient insulation between Jbhe 
convolutions in each compartment, and the discs are proof 
against the spark striking through between them. The coil 
may be thus said to be insulated, as it were, wholesale and 
retaiL The insulation of the various parts from each other is 
thus complete. As regards external insulation, least is 
required for the middle compartments, where the tension is 
least, and, there is least danger of the electricity breaking 
through into the primary coiL The tension of the end 
compartments is greatest. Accordingly, the tube is thinnest 





Fig, 145. 
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at the middle and thickest at the ends. The thickness at 
the ends not only prevents the electricity striking through, 
but lessens the Ley den-jar action between the ends and 
the primaiy coil. With one Bunsen cell this coil gives a 
spark of 21 centimetres ; with six cells, one of 58 centimetres 
in length. 

The section of the bobbin of a secondary coil (17 inches 
in length), of much smaller 
size and of a less expensive 
character, is given in fig. 

146. The coil of which it 
forms a part was made by Mr 
Hart of Edinburgh, under the 
authoi’^s direction, and was 
lately exhibited before the 
Royal Scottish Society of Arts. 

The central tube, PP, is of hard- 
ened wood ; d, D, and d', are 
thick discs of gutta-percha cemented to the tube. The wire 
is coiled in two portions, beginning at the middle, m ; the one 
half being coiled to the right, the other to the left. If the whole 
could be seen, it would look like one coil from end to end with 
a disc in the middle. The two halves communicate by a wire 
piercing the central disc at m. Gutta-percha paper is wrapped 
round the tube to a thickness of more than a quarter of an inch 
before the wire is wound on. Each consecutive layer of wire 
(copper covered with silk) is separat* d from the one above or 
below by two or three sheets of gutta-percha j)aper. The coil 
has the greatest thickness at the midcfle, and tapers off to the 
ends. This is done in conformity with a principle discovered 
by Jacobi and Lenz (1844), namely, that in an electro-magnet, 
where the wire is uniformly distributed over its length, the 
inductive power is greatest at tlie centre and becomes feeble 
at the ends. It is sought in this coil to proportion (approxi- 
mately) the length of the wire coiled in different parts of the 
bobbin to the electro-motive force of the primary coil at that 
part. In this way the quantity of electricity given otl’ by 
each part of the coil should be the same (95). The ends of 
the primary coil, where the inductive force is least, are left 
free. The sparks given off by this coil, which are nearly 
seven inches in len^h Twith six Bunsen cells), are neculiarlv 
dense, the quality aimed at in the construction. The length 
of the wire is about seven miles. 

The double form of the bobbin throws the middle of the 
wire next the primary coiL Here the tension being least, 
there is little or no danger of the electricity sparking into the 
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primary coil. As the wire leaves the centre it increases in 
tension, hut as the tension rises, the insulation from the addi- 
tional sheets of gutta-percha paper between the different layers 
is also increased. The tension is thus placed where it can 
be best withstood. The electricities of the poles are kept from 
uniting by the thick central disc (1 inch thick and extending 
inches beyond the coil), and a considerable thickness of 
gutta-percha placed over them. Within the coU they are kgpt 
apart by all the gutta-percha paper on each half of it. To 
prevent the gutta-percha from altering in the presence of the 
air, which it usuiilly does, the whole is enclosed in a layer of 
melted paraffin. As the wire is symmetrically coiled, each 
terminal has exactly the same power, a feature never seen in 
the usual construction. 


For large coils, mercuiy-breaks or rheotomes are almost 
always employed. A wdre is made to dip into a cup of mer- 
cury and lifted out alternately, so as to make and break con- 
tact in the primary circuit. The interruption thus made is 
much improved by pouring alcohol over the mercury ; the 
spark of the extra-current (11b) taking place with more diffi- 
culty in alcohol than in air. As pure mercury, when thus 


used, IS apt to be broken up i 



Fig. 147. 


entirely the rod beneath, 
rod, keep the spiral free 


globules under the constant 
motion, an amalgam of silver 
or platinum, of a treacly 
consisteiKje, is substituted 
with advantage. The mer- 
cuiy-break, sketched in fig. 
147, and used by the author 
in conjunction with the coQ 
just described, wurks with 
singular steadiness and eflGl- 
ciency. A spiral, s/, of No. 
13 copper-wure is made of 
about an inch in diameter, 
and six inches in length, 
is stretched out to about 
nine inches, and soldered 
to two rings on the rod p, 
half an inch in diameter. 
To shew the construction 
more clearly, the convolu- 
tions are shewn few and far 
ayjart. In the apparatus it- 
self the spiral hides almost 
rings being wider than the 
from it. The lower ring, h, is 
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insulated from tlie rod ; the other, a, being fixed by a binding- 
screwto it, is in conducting-connection with it. The rod is partly 
of iron, partly of brass, and communicates with the binding- 
screw, c, A wire, m, is soldered to one of the convolutions a 
little above the end of the iron part of the rod, and comes out at 
right angles. It is turned down at the end, so as to dip into 
a cup of mercury, e, which communicates by the pillar, h, with 
the binding-screw, d. The brt'ak is on a separate stand from 
the coil, and is so placed in the primary -circuit that each 
binding-screw is connected with a coating of the condenser. 
"When the commutator turns the current on, the spiral is 
gently moved by the hand, and if the wire* dips into the 
mercury, continues in constant oscillation. The cup is raised 
or lowered till the j>oint is got where the best sparks pass 
between the terminals of the coil, and fixed there with a 
binding-screw. A sj)iral, so hung, forms a delicate pendulum, 
which only re(piires a small force to keep it in steady motion 
^ and dowm. This the electric and magnetic action supplies. 
When the current passes, it goes from c up the rod, down the 
upper part of the s]»iral into the cup, and thence to the hind- 
ing-screw, d. The iron rod heconi(‘S magmdic, and tends to 
send the various convolutions at right angles to the lines of 
magnetic force (111). Moreover, the various convolutions are 
the seat of a current moving in the*, same din'ction in all, and 
they consequently attract each (»ther (fig. 93). Under this 
double action, the dipping-wire is lifted out of the mercury, 
and its own elasticity brings it back, again to complete the 
circuit, again to bo lifted out, and so forth. A reversal of the 
current, causing a reversal of poles, the action of the spiral is 
indifferent to the direction of the; cuiTeiit. To jirevent oxida- 
tion, the pai’t of tlie wire that dips should be of platinum. 
The alcohol on the surface must be more than an inch deep, 
other^vise it is scattered alamt in all dinjctioiis by the break- 
ing spark. If not, the vi^ssel must be closed with a lid. 

Such a spiral as the one just described is compaiativ(dy 
stiff, and cannot be i't'gulate<l, in the manner ^‘terw^M-ds 
described, so easily as ene of thinner "wire. The number 
of convolutions being small, and the spiral stiff, it re<|Liiios 
a strong current to w^ork it ; being slioit, howiiver, it adds 
almost no resistance to the primary circuit. If the spiral be 
made of finer wrire, it can be made to wmik with a Vi-iy 
feeble current, but tluni the resistance it introduces into 
the circuit is considerable, and this ought to bo as much 
as possible avoided. In fig. 148, another form is given ot' 
this spiral break. Here the s]>iral is worked by a separate 
cell, and is not in the primary circuit of tlie coil. The 
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spiral is of the same height as the other when closed and 
distended, but of finer wire (i^th of an inch)— its diame- 
ter also is less. It admits 
of easy regulation. The arm, 
h, which can be fixed to the 
pillar, h, can be inserted into 
any part of the spir^ so as 
to lessen the oscillating part 
of it ; to shorten, in fact, the 
pendulum. The shorter the 
acting part of the spii'al the 
quicker does it oscillate, and 
thus any alteration in rate 
can be got. In this arrange- 
ment there are two cups, and 
the projecting wire has two 
dipping portions, one for 
each, which rise and dip 
siimiltaneously, or nearly so, 
according to the adjustment 
of the cups. The spiral circuit 
is exactly the same as before. 

Fig. 148. The coil-circuit, connected 

with the apparatus, consists 
of the two cups and the wire fork, no/, and it is complete 
each time the ends of this fork dip into both. The cup, e, 
and the wire, /, are common to both circuits, but there 
is thereby no confusion or opposition of currents what- 
ever be the direction of the currents transmitted. The 
cup, I, is easily adjusted, so that the dipping-wire, n, leaves 
the mercury just before / does so, and thus the break 
in the coil-circuit is effected only in the cup L The course 
of both currents is marked ; that of the spiral by dotted, 
and that of the coil by full lines. When the dipping-wire 
of this spiral just touches the surface, it begins to move of 
itself witnout the aid of the hand. 
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Electricity and Electric Force. 

The remarks made by several scientific journals, with regard 
to the electro-static theory adopted in the preceding pages, 
render some supplementary statement desirable. The two 
points to which exception has been taken ore, that electricity 
has a molecular action, and that it is an inductive force. With 
the present imperfect knowledge of the physical nature of 
electricity and of force, we cannot arrive at a satisfactory 
conclusion on all points ; we wish only to shew, that so far as 
we can judge, these principles, earned out to their full extent, 
are consistent with the established laws of the science. 

That Electricity is an Action among Molecules . — In articles 
29 and 30, it is shewn that bodies are charged and discharged 
by an equal amount of opposite electricities disappearing or 
becoming neutralised when near enough to communicate with 
each other. Electricities, whatever they may be, never in one 
case can be traced to enter the body j they always leave it, 
and disappear at spark or contact. When they cannot 
communicate with each other, both electricities exist in them 
to the same amount, and the bodies remain in the polarised 
condition. Faraday has shewn, beyond question (32), that the 
particles of dielectrics, which take minutes or days to com- 
municate electrically with each other, a^c in a state of polarity 
before discharge, that is comramiication between them, takes 
place, or while their insulating action lasts. The polarised 
state invariably precedes discharge, shewing that bodies have 
a separate power of transmitting polarity distinct ft*om that 
shewn in spark or contact ; they possess, in fact, two powers 
— that of polarising and that of neutralising, the former always 
preceding the latter. The polarising force appears instan- 
taneously throughout the circuit, the polarity of each mol(*-cule 
being a necessary condition to its appearing in all. The velo- 
city of discharge is dependent on the conformation of the 
circuit (38, 50, 162). How or uhy the molecules of matter have 
these powers, no attempt is made to explain ; but that they 
have them, is matter of fact. The size of the bodies makers 
no difference in this action, a huge mass or a microscopic 
particle acts precisely alike. How otheiwise, then, can we 
think than that the molecules of which masses are composed 
have precisely the same properties, only there may be some- 
thing ultimate in their action, which, if known, would explain 
why and how they so acted ? The molecular theory of electric 
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action explains satisfactorily how conductors and non-con- 
ductors are alike in kind ; now a charge can only reside at 
the boundary of a conductor and non-conductor, or, which is 
the same thing, on the surface of the conductor ; how the 
charge resides in a dielectric, how the polarity of the galvanic 
circuit is effected, and how the battery current originates in 
and effects chemical action. Indeed, it seems so necessary to 
the comprehension of these, that it wears more the appearance 
of fact than theory. 

That Electricity is an Iriductive Force . — We consider the 
separate powers or polarities of electrified masses or molecules 
to be inductive forces, inasmuch as when the opposite 
polarities are separated, they ever remain the same in amount 
until they meet and mmtralise each other. The reason for 
holding this opinion will be best shewn by an experiment like 
the following. Referring to fig. 3(), we find that the charge 
on the ball hanging inside the pail induces a similar charge on 
the outside. Let us introduce a second insulated ball without 
charge. On making the two touch, the charge is divided 
betw'ecn them, but no change is thereby effected on the gold 
leaves outside. Similarly, any number of balls may be 
introduced wdthout any change on the leaves. Beginning 
again with the one charged ball, let us for an instant remove 
tlie ball without discharging it, and introduce into the pail a 
thick pail of sheUac that nearly fills up the space between the 
ball and the pail. On placing the ball within the pail thus 
compounded, the leaves return to their former place. If, 
instead of a thick pail of shtdlac, we had made use of one of 
metal, no difference would be found on the outside charge. 
We thus find that extent of surface over which a charge is 
diffused, or lessened inductive resistance as that offered by 
the thick shellac or metal ])ai], makes no difference on 
the inductive powder of the charge. By no deduce can we 
lessen or increase the quantity of electricity induced by a 
charge. The energy or \vork-power of it may alter, and we 
have reason to believe that it is lessened in both cases, as may 
be gathered from what follow's. Let us now take a case 
where inductive foice appears to fail wnth the same charge. 
I receive a 12-iiich s])ark from an electric machine on the 
knob of a Leyden jar ; I then take the discharging- tongs 
and discharge the jar. Tlie spark I now get is under a 
quarter of an inch. Is there no inductive force lost here ? 
We say no. The inductive force wliich acted between the 
ball of the machine and that of the jar, instead of taking only 
one direction, works through the dielectric glass, which is 
much more favourable for its action; the inductive action 
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is diverted, not destroyed. The quantity of electricity 
induced outside the jar and in surrounding conductors is 
precisely the same. If we could remove the coatings from the 
jar without discharging them, and crumple them up into the 
dimensions of the original balls, we sliould get the same spark 
as before. Or, had we passed the first spark through a solu* 
tion of copper by means of electrodes, and done the same 
with the jar spark, the amount of copper deposited would, in 
both cases, be exactly the same. But it may be said so much 
work must be done to push each electricity in the crumpling 
up in upon itself against its repulsive power. Such is un- 
doubtedly the case ; and we must now proceed to shew the 
relation of this inductive force and work. Before doing so, 
let us plainly understand what we mean. Suppose we have 
two discs touching each other, which, by the action of some 
force, assume opposite and ec^ual electricities on their surfaces 
of contact. We have thus only one section polarly electrified. 
Let us now pull the discs away parallelly from each other, 
and suppose for the moment, for me sake of simplicity, that 
their inductive action is not diverted from each other into 
neighbouring channels — and it is seldom otherwise in battery 
circuits — ^but that it remains concentrated between them ; that 
we have, in fact, a iinil'orm electric field between them. We 
have still the same amount of eliictricity in the discs ; but 
instead of having one section so affected, as at first, we have 
now myriads of sections formed by the contiguous surfaces 
of the molecules of intervening air, each possessing the same 
charges as the original discs when together. The amount of 
inductive force here on the original discs is unaltered, but we 
have immeasurably more force brought into existence in the 
intervening air. Whence this has come will be explained in 
the next sectior*. 

The Relation of Electricity to Work . — Quantity we consider 
to be the amount of electricity in one section of the chain, 
and inductive force refers to the fact that the quantity in each 
section is the same, however distributed. Quantity in depth, 
as well as in section, is, according to our views, proportional 
to work in the same nxedium, but has a different value in 
different media. In the case of the discs just mentioned, 
we conceive that the work expended in drawing them 
away is converted, according to our theory, in multiplying 
the number of charged sections. Whatever heat would be 
obtained by discharge, or the conversion of electricity into 
heat, of the two discs when close together, as much more 
heat would be obtained if discharge took place along the 
whole line when they were apart as there are different 
B 
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sections. If I lift the one disc from the other when affected 
only by gravity, the energy it acquires is stored up in itsell', 
and it would make good that energy if allowed to falL When 
I lift it up under the action of electricity, the energy, according 
to our views, is not stored up in itself, but in calling into 
existence polarised sections of the same mechanical value as 
the first two, in the parallel layers of air. This energy would 
be made good if the molecular powers could neutralise and 
convert themselves into heat, or they would give back their 
energy in drawing the upper to the lower disc, thereby throwing 
themselves out of circuit and generating motive energy in it. 
Substances differ electrically, and if the two discs were drawn 
apart in a medium less specifically inductive than air, the 
amount of work expended in the same distance would be 
proportionately increased. The increased energy of the 
sections thus formed would make itself good in the increased 
heat of discharge. The mere electrification of any section to 
the same inductive poinl^ or to the same quantity, is no 
indication of its work-doing or heat-giving power. Each 
different substance has a separate mechanical value for the 
same amount of electricity. Ketuming again to our first 
medium, let us double the charge of the discs, and then draw 
them a^rt ; to lift the upper disc to the same height as 
before, four times the work must be done, for not only is the 
force at each point doubled, but a double amount of it has ta 
be generated in each layer as the disc rises. Similarly it 
could be shewn, if the discs were reduced to half the size, the 
work would be doubled with the same charge. Taking this, 
then, as the action in a uniform field where the tension does 
not vary, we draw the following conclusions. 

The mere presence of electricity or electric quantity on 
any surface does not indicate work. When we have the same 
amount of charge in each section, the work varies directly 
as the length of the chain, as the resistance the material offers 
to induction, and as the tension. We estimate work by the 
product of quantity or amount of electricity on the end 
section, and the electro-motive force, viz., the work-powep of 
a TOW of molecules in length or disposed as a normal (per- 
pendicular) to the surface, that is, w ^ qe (131). Practically, 
we must estimate e by the tension and extent of the end 
surface in reference to r, the inductive resistance of the 
chain, or that which gives to the total amount of electricity 
its work-value ; thus e = qr, and w, accordingly, equals qh, or 


r* 


We consider the two discs and cylinder of particles 


between to be the same as the whole or a portion of the 
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inductive circuit of a galvanic battery before each discharge. 
As the battery can charge the chain as often as it is discharged, 
q becomes s, or the quantity passing in a given time ; r the 
conductive resistance ; and e, instead of being instantaneous, is 
continuous. It is easily seen, moreover, that the electro- 
motive force varies in a circuit though the current does not 
(63). The total electro-motive force of the battery is divided, 
at inductive charge, among all the sections of the circuit, and 
apportioned to all alike if the circuit be uniform, but to each 
ditfereiit part according to its resistance if it be not. The 
above e<[uation8 also hold for electric action in air between 
bodies whose distance does not alter. With the same electro- 
motive force when the discs above referred to are reduced in 
size, when the distance between them is increased, or when a 
worse conductive or inductive material lies between them, 
the quantity is proi^ortionately reduced, and as these are 
considered to constitute resistance, Ohm’s law follows as a 
necessary consequence. 

Tension, Potmtial . — By tension is meant (36) what is 
called in the fluid theory electric density, or the quantity 
of electricity on a unit of surface. This may be, by the aid 
of a condenser, anything with the same cell or battery. In 
article 72 it is mentioned that the electro-motive force is 
measured by its tension. It is evident that when electro- 
motive forces are compared, the tensions must he in similar 
circumstances, or before the same resistance. The word ten- 
sion, although strictly applicable only to electric density, is 
generally looked upon as being on a freely insulated body, in 
which case it implies a certain work-power between the body 
and the ground, or with regard to a very considerable resist- 
ance. It is therefore necessary to he careful in the use of the 
word, so that its import may not he misunderstood. Before 
the same resistance the tension, or chiirge on a unit of sur- 
face, given by different electro-motive forces varies as the 
forces. 

On a ball of given radius insulated in air, a unit quantity 
of electricity implies a certain work-power between it and the 
ground. In consequence of diffusion, the quantity in each 
molecule rapidly lessens as the perpendicular leaves ns sur- 
face, the decrease being as the square of the distance, and the 
twin unit we must find in some large portion of the ground, 
wliere the charge in each molecule is next to nothing. We 
have thus, practically speaking, only the force of the insu- 
lated unit to take into account, the work-doing power of which 
is accordingly proportional to the square of its tension. The 
force of attraction or repulsion is also as the square of the 
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tension (44), so that we may say the work-power of the given 
ball is as its attractive or repulsive force. 

Instead of the word tension, used with reference to the work 
that can be effected by a charge when openly insulated, or 
electro-motive force, the wordpofcutm^ is now used, which is not 
open to the objection of a double meaning. * The potential,* 
according to Sir William Thomson, ‘at any point in the 
neighbourhood or within a charged body, is the quantity of 
work that would be required to bring a unit of positive 
electricity from an infinite distance to that point if the given 
distribution of electricity remained unaltered.* If the point 
here named be -l- , the potential will also be positive ; but if — 
it will be — ; that is, the work will be done and not expended 
in the transfer. Tlie potential, P, of an insulated ball (radius k) 
in an open space with a cliarge, g = g 

The mctro-static capacity of an insulated body is the reciprocal 
of the resistance it is placed in. The capacity (c) is the ratio of 
the quantity (g) the body contains when charged at an electro- 
motive force (e) ; thus c = •?. When one sphere (radius = a) is 

placed within a hollow sphere (radius = y), the inner being 
insulated by air from the outer, which is connected with the 

ground ; then c = — — . The former equations, when stated 

y ® 

with regard to c, are g = cc, w = eh. Speaking generally, the 
larger the surface of the body, and the thinner or better the 
dielectric layer between it and the ground, the greater is its 
capacity (37) ; c, for a ball in an open space varies as k. 

In illustration of the fact that mere charge does not imply 
work, we may take the following. I take a battery of ten 
cells, and one cell of the same kind, and put in each case, 
say the zinc pole to earth, insulating the other poles. I use 
a condenser, such as that shewn in fig. 59, which, let us 
suppose, is delicate enough for my purpose. Some form of 
the torsion balance is, however, much better adapted to such 
a purpose. I charge the lower plate with the battery pole 
■without using the upper plate. 1 see the divergence of the 
leaves. I do the same with the one cell. I find the gold 
leaves ten times more distended in the first case than in the 
second — ^that is, supposing the angles smaU. This indicates 
ten times the tension in the one case as in the other (strictly 
the tensions are as the sines of half the angle of divergence, 
or, more correctly still, the tensions are determined by an 
experimental graduation). I now use the upper plate with 
the one cell, and things might be so arranged that the plates 
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condense tenfold. I withdraw my fiiifi'er from the upper plate, 
then the pole from the lower, and finally JUft off the upper 
plate, and the leaves indicate a tenfold tension. Thus the 
single cell appears to do as much work as the ten. The power 
of the plates to generate heat or do work by a discharge is 
small, and I have forcibly to lift away the upper plate^^o 
additional work, in fact, before the power of the lower plate is 
what it was when charged directly by the ten cells. We know 
that in a conductive circuit the one cell, before a certain 
resistance, would do ten times less work than ten cells before 
a tenfold resistance. The work in lifting off the upper plate 
is therefore partly spent in making up the difference. 

From what has been said it will be seen that we look on 
quantity in the same medium as charge in section, and electro- 
motive force as charge in depth. A rectangular prism of 
polarised particles, for instance, might have three quantities 
corresponding to its three different faces, and three electro- 
motive forces being the depths in each case. The line of 
action in which the prism occurs wdll determine which is the 
quantity and the electro-motive force. The quantity thus deter- 
mined cannot be altered for the same action. It follows that 
if a second prism were to participate the charge of the first, 
there would oe a loss of half the total quantity or work. For 
although on the double face which constituted quantity there 
was the same charge, yet the quantity in depth or electro- 
motive force was halved. Again, if the paiticipating prism 
was placed in length, the total quantity and work would be 
again halved, for tlie quantity in section would be halved, 
while the quantity in depth remained the same. If in either 
case this was effected, there would he found to be conductive 
discharge somewhere accounting for the loss of work. To 
illustrate the bearing of our theory, we may fancy the total 
amount of wire in the armature of Wilde’s machine to be such 
a prism, each particle of which had a definite amount of 
electricity and of work-force. If the whole were solid, the 
quantity would be represented by the section at right angles 
to the axis. In that case it would he prodigious ; but the 
quantity in depth but twice the length of the armature. But 
if it was divided into a thousand different insulated wiics, 
the quantity in section would be represented by the section of 
the wire, and that in depth by the length of the coil. An 
ecpiivalence of this kind is certainly illustrated by the quantity 
and intensity armatures of the machine. If any distinction is 
to be drawn between electro-motive force and electricity, we 
would say that it was that energy which, diffused through a 
consecutive series of molecules, had been converted into 
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electricity, and which the electricity so formed is prepared to 
give back, inductively in electricity, or conductively in heat or 
other form of energy. As, however, the work spent in elec- 
tricity is equal to the work that the electricity can spend, we 
speak indifferently of the electro-motive force of a battery or 
of a charge given by it. If, in any circuit, we have a unit 
charge in surface with a unit work-value for the whole, the 
electro-motive force of each row of molecules is also unity. 

Electricity aihd its Correlations . — That friction (24), chemical 
action (58), heat (133), and mechanical action (122, 52) can 
be converted into electricity has been already treated of. 
These, moreover, have apparently a definite equivalent pro- 
portion to electricity. Thus, so much zinc dissolved in the 
battery, so much heat radiated to the thermo-electric 
battery, and so much niechanical energy spent in the magneto- 
electric machine, are each attended with the production of a 
certain amount of electricity. Conversely, electricity can 
produce chemical action (102), light (46, 101, 121), heat (100, 
135, 126), mechanical energy (87, 107, 142, 143), and elec- 
tricity itself, either as magnetism (113), as statical electricity 
(28, 52), or as current electricity (116). 

The equation, work equals quantity into tension or electro- 
motive force, is shewn in current and magneto-electric induc- 
tion. In the primary circuit of the induction coil, we have a 
current of great quantity with little tension ; and in the 
secondary circuit, the same converted into a current of small 
quantity and great tension. In Wilde’s machine, again, we 
can, according to the kind of coils we use in the revolv- 
ing armature, convert the work of the steam-engine into a 
strong current of little tension, or a tense current of little 
strength. One thing is remarkable — when a current induces 
another or moves another current, or induces magnetism 
or moves a needle, the current falls in strength so long us 
change is going forward ; but when the change is completed 
— when the current has attained its final position or condition 
with regard to the induced circuit — when the attracting or 
repelling currents cease to move — when the electro-magnet is 
fully charged, or when the needle takes up its defiected 
position, the current resumes its former strength. 


The Atlantic Telegraph. 

The following are the details of construction of the two 
Atlantic cables. Fig. 149 shews the section, and fig. 150 the 
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external appearance of the 1866 cable in their full size (Ij 
inch in diameter). The cable of 1865 is exactly the same as 
that of 1866, with one or two non-essential differences. 

The conductor of both cables consists of a copper strand of 
seven wires, six laid round one, and weighing 300 lbs. per 



Fig. 149. Fig. 150. 


nautical mile, imbedded for solidity in Chatterton^s compound. 
Gauge of single wire, *048 of an inch ; gauge of strand, *144. 

The insulation of both consists of four layers of gutta- 
percha, laid on alternately with four thin layers of Chatterton's 
compound. The diameter of core (conductor and insulation), 
•464 of an inch. 

The external •protection of the 1865 cable consists of ten 
steel wires, *095 in diameter, each wire surrounded separately 
wnth five strands of tarred Manilla hemp, and the whole laid 
spirally round the core, which latter is padded with tanned 
jute yam. The external protection of the 1866 cable is pre- 
cisely the same us this, only the wires are galvanised, and the 
strands of hemp are not tarred but left white. 

Weight in air, 1865 — 35 cwt. 3 qrs. per nautical mile; 
1866 — 31 cwt. per nautical mile. 

Weight in water, 1865 — 14 cwt. per nautical mile ; 18GC — 
14i cwt. per nautical mile. 

Each cable would bear eleven knots of itself in water 
without breaking. 

The deepest water encountered was 2400 fathoms, ami the 
distance between Valentia and Heart’s Content, 1670 knots. 
The length of the cables is, 1865 — 1896 knots; 1866—1858 
knots. The resistances are given by Latimer Clark as follow s : 
the total resistance of the copper of the cable of 1865, as it 
lies at the bottom of the Atlantic, 7604 B.-A. units ; that of 
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1866, 7209 B.-A. iinits, corre^onding to 4*009 and 3*893 B.-A. 
units per knot respectively. In the factory the resistance of one 
knot of the 1866 cable at 24® C. was 4*272 B.-A. units. The 
total gutta-^rcha or insulation resistance of each cable is 2437 
millions ofB.-A. units per knot after one minute’s electrifica- 
tion, and it rises to 7000 millions per knot after thirty minutes’ 
electrification. In the factory the insulation resistance at 24® 
C. was 379 millions of B.-A. units per knot alter one minute’s 
electrification. The pressure and low temperature of the 
ocean depths have thus immensely improved the electric 
condition of the cables. 

Leakage through the Gutta-percha . — From the above dimen- 
sions it will be seen that the gutta-percha covering is *16 of 
an inch in thickness. One mile of it will offer an inner sur- 
face of about 200 square feet, so that for the first mile the 
current has the choice for a passage to the ground of a con- 
ductor of copper *144 of an inch in diameter and some 1857 
miles in len^h, or of a gutta-percha one, as it were, 200 square 
feet in thickness and *16 of an inch in length. Yet such is 
the difference of the conducting power of copper and gutta- 
percha, that the resistance of the copper to the passage of the 
current is to that of the gutta-percha for that mile, provided 
it had the same qualities as the whole, roughly speaking, as 
7200 to 2400 millions, or as 1 to 333,333. Each cable, when 
‘ cut,’ and charged, falls from charge to half charge in from 60 
to 70 minutes ; and in the time that a signal lasts, which is 
only a fraction of a second, not so much as i per cent, of the 
current can be led off by the total gutta-percha covering. 

The Instruments. — The battery employed is a modification of 
Daniell’s — 12 cells are sutlicient for signalling, but from 20 to 
30 are generally used. The receiving-instrument is Thomson’s 
Reflecting Galvanometer (157). This consists of a needle 
formed of a piece of watch-spring |th8 of an inch in length. 
The needle is suspended by a thread of cocoon-silk without 
torsion. The needle lies in the centre of an exceedingly delicate 
galvanometer coil. A circular mirror of silvered glass is fixed 
to the needle, and reflects at right angles to it in the plane 
of its motion. It is so curved that, when the light of a lamp 
is thrown through a tine slit on it, the image of the slit is 
reflected on a scale about 3 feet off, placed a little above the 
front of the flame. Deflections to the extent of half an 
inch along any part of the scale are sufficient for one signal. 
In so delicate an instrument, the sluggish swing of the needle 
in finally settling into any position would destroy its useful- 
ness. To rectify this, a strong magnet, about 8 inches long, 
aud bent concave to the instrument, is made to slide up and 
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down a rod placed in the line of the siiRpending thread above 
the instrument. This magnet can be easily shifted as necessity 
may require. The oscillations of the needle due to itself are, 
by the aid of the strong magnet, made so sudden and short 
as oulv to broaden the spot of light. The delicacy of even this 
exceedingly delicate galvanometer can be immcmsely increased 
by using an astatic needle (88) ; each needle within a separate 
coil, the one lying above the other in the same plane, the 
current moving through each in opi)osite directions. The 
mirror is attached to the upper needle. 

Vwrley's Condenser is intended to obviate the delay caused 
by induction. Fig. 151 is intended to shew its action. H is the 
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transmitting-key. B, the sending battery ; LL, the cable ; 
G, the reflecting galvanometer ; C, the condenser — alternate 
leaves of mica or paraffin and tinfoil (120) ; K, a resistance 
coil ; P, P', earth plates. The earth plates of the Atlantic 
Telegraph are really, however, strong galvanised iron cables, 
extending a mile or two out into the sea. H is shewn in 
plan, while the rest of the figure is in section. It consists of 
two separate keys, a and 6, moving on axes (at the upper end 
in fig.). They are kept by springs pressing against the cross- 
plate, c, which is in connection with one of the poles (say — ) 
of B ; a is joined to the line, and b to the earth. When either 
key is pressed down, it falls on the plate, dy in connection with 
the other pole (+) of B. In the normal position of the key, the 
line is through a, c, and h to earth, and d is insulated ; and it 
is* easy to see how a + or — current is put to line, according 
as a or 5 is depressed. Let a be depressed, and the 4 pele 
put to line ; this charges the cable and condenser, and would 
then cease to act if a current did not pass through R, which, 
however, is very slight, owing to the enormous resistance of 
R, a resistance immensely greater than that of the cable. The 
cable at the sending end is charged to a potential ^age 276), 
corresponding to tlie resistance of the cable and R ; the re- 
ceiving end and condenser to that corresponding to R. The 
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charging of the condenser (whose capacity is equal to about 70 
knots of the cable) is attended by a deflection of the needle of 
G, which ceases on the condenser being fully chained. After 
a is depressed, it is allowed to rise back on c, the cable is thus 
put to earth, its charge flows out, and its potential falls below 
that of the condenser, whose chai*ge consequently flows through 
the galvanometer back into the cable, causing a decided oppo- 
site deflection. This forward and backward motion of the 
needle forms a signal. The effect of the whole is that the 
duration of each consecutive signal corresponds nearly to the 
time taken to produce it at the sending end. The reduction 
of the charge of the cable takes time to travel, as a wave, to 
the other side (from io I’.ths of a second) ; but the prolon- 
gation of the signal, the worst feature of embarrassment (152), 
is obviated ; and the delay is less felt as the one cable is usetl 
to receive, the other to transmit. 

The alphabet is made by opposite movements produced by 
one or other of the keys. The signals need not be made from 
zero as a starting-point. The eye can easily distinguish, at 
any point in the scale to which the spot of light may be 
deflected, the beginning and the end of a signal, and when its 
motion is caused by the proper action of the needle or by 
currents. It is thus that the mirror galvanometer is adapted 
to cable simalliiig, not only by its extreme delicacy, but also 
by its quickness. The deflections of the spot of light have been 
aptly compared to a handwriting no one letter of which is 
distinctly formed, but yet is quite intelligible to the practised 
eye; Signals in this way follow each other with wonderful 
rapidity. A low speed — some eight words a minute — is adopted 
for public messages ; but when the clerks communicate with 
each other, as high a speed as eighteen or twenty words is 
attained. In fact, it is said that the only limit is the power 
of reading, not transmitting, signals. As it is, the speed of 
signalling is equal to, if not greater than, that attained on any 
land line of the same length, an achievement indicative of the 
skill and genius that have been directed to Atlantic telegraphy. 

Another most important advantage derived from this 
method of working the cable is, that no earth-currents inter- 
fere with it. The cable and condenser being insulated, there 
is no voltaic circuit, no way whereby earth-currents can enter 
and leave the line, and any inductive effect must be of a 
transient character. The great resistance of the coil R renders 
its action with regard to earth-currents more akin to insulation 
than conduction. For further information, see Good Words 
(Jan. 1867), and the North British Review (Dec. 1866). 
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magnetic unit of 210 

Electromotors or rheomotors...l24 

Electrophorus 96 

Electro-plating and gilding 220 

Electro-tonic state 183 

Electrotype 219 

Exploding gunpowder at a 
distance 227 

Galvanic pair 107 

Galvanism 107 — 170 

Galvanometers 141, 255 

Glow 79, 193 

Inclination 17 

Induction coil 189, 26,5 

, current or volta- 

electric 183 

Induction, magnetic 6 

, magneto-electric. . . .196 

, statical '. 51 

, Farada3r*8 

theory of 58 

Inductive capacity 61 

embarrassment 245 

Insulating stool 83 

Insulation 50 

Isoclinic lines 31 

Isodynamic luies 32 

Isogonic lines 28 

Lena’s law 151 

Leyden jar 85 

Lightning 97 

conductor 102 

Local action 124 

Magnetic charts 27 

curves 2 

elements 16 

field 3 

intensity 17j 26 

meridian 17, 30 

moment 3 

needle 4 

• parallels 30 

polarity 1 

poles of the earth.... 29 

sounds 182, 257 

variations 20 

Magnetisation 8 

Magnetism 1 — 44 


— Ainnere’s rimoryof 178 
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Magnetism of rotation 202 

, terrestrial 15 

, theories of 14 

terres- 
trial 37 

Magneto-electric machine 197 

Magneto-electricity 196 

Magnetometers, Gauss’s 21, 20 

Magnets, action on each other 12 

, affected by heat 13 

, forms of 5 

, kinds of 1 

, power of 12 

Ohm’s Law 151 

Paramagnetic bodies 39, 42 

Pile, Volta’s... 131 

, Zainboni’s dry 131 

Points, effect of 70, 83 

Polarisation, galvanic 135 

, electric 52,59, 71,118 

, magnetic 6 

Pole unit 26, 207 

Poles, galvanic Ill 

, magnetic 1 

Proof -plane 42 

Quantity, electric 64 

Relay 248 

Resistance 124, 147, 149 

coils H3 

, unit of 150, 207 

Return current 244 
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Rheostat 147 

Rheotome 185, 189, 268 

Roberts’s cartridge 227 

Saturation point 11 

Secondary action 163 

Single touch 8 

Solenoids 179 

Spark, electric 79, 191 

, galvamc 101 

Striking distance 90 

Telegraph, aerial lino of 240 

^ Rain’s 256 

y Cooke and Wheat- 
stone’s ; 252 

Telegraph, electric 234 

, Morse’s 

, Steinheil’s 255 

y submarine 242, 278 

Telephone 267 

Tension, electric 64, 124 

Thenno-electric pair 216 

pile 217^ 

series 216* 

Therm o-electricity 214 

Translation 251 

Vacuum tubes 193 

Voltaic arc 224 

^ectricity 107 — 170 

pair 107 

Voltameter 144 

Wilde’s magneto-electric 
niacliine 259 
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